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ABSTRACT 

The Arizona E l e c t r i c  U t i  1 i t y  Rate demonstration p r o j e c t  was conducted 
t o  observe t h e '  e f f e c t  t h a t  time-of-use e l e c t r i c i t y  ra tes  would have on 
household e l  e c , t r i c i t y  consumption. Under t ime-of-use ra tes  h i  yher p r i ces  
are charged f o r  e l e c t r i c i t y  used dur ing  those p a r t s  o f  t h e  day when denland 
and system costs are  h i  yher and 1 ower p r i c e s  are  charged f o r  those pa r t s  of 
' t he  day when demand and system costs are lower. I n  t h e  Arizona p r o j e c t  140 
voluntary households were placed on one of 28 time-of-use e l e c t r i c i t y  ra tes  
between May and October 1976. These volunteers were d i v ided  i n t o  th ree  
groups d i s t i ngu ished  by t h e  l eng th  of t h e  ..peak r a t i n g  pe r iod  (3, 5, and 8 

-hours). ,-.- 

A comparative ana lys is  o f  1975 and'1976 f o r  Group I customers f a i r l y  
convinc i  n y l y  showed t h a t ,  as a group, t h e  experimental p a r t i c i p a n t s  reduced 
t h e i  r e l e c t r i c i t y  consumption dur ing  t h e  three-hour peak r a t i n g  pe r iod  by 
7-16 percent. To a 1 esser ex tent  experimental households reduced consump- 
t i o n  dur ing  t h e  in termedia te  pe r iod  and s h i f t e d  some consumption t o  t h e  base 
period. Tota l  consumpti on appears t o  have decreased s l  i ght ly. 

A regression ana lys i s  o f  data f rom a l l  t h r e e  groups f a i l e d  t o  demon- 
s t r a t e  s i g n i f i c a n t  e l a s t i c i t i e s  (degree o f  responsiveness t o  p r i c e )  f o r  
peak, intermediate, o r  base p r i ces  among t e s t  customers; i n  other  words,: 
t he re  were no detec tab le  p r i  ce-re1 a ted d i f f e rences  between the  .consurnpt i on 
pa t te rns  o f  d i f f e r e n t  households t h a t  faced' a1 t e r n a t i  ve tirne-of-use e l  e c t r i -  
c i t y  pr ices.  

The r e s u l t s  o f  t h e  ana lys i s  are 1 i m i t e d  by t h e  experimental and r a t e  
designs and a re  s t r i c t l y  app l i cab le  on ly  t o  po r t i ons  o f  t h e  r e s i d e n t i a l  pop- 
u l  a t i ons  o f  Phoenix and Yurna. 
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CHAPTER 1: INTRODUCTION 

I n  1975 t h e  Federal Energy. Admin is t ra t ion  (now p a r t  o f  t h e  U.S. De- 

partment o f  Energy) i n i t i a t e d  experiments i n  t e n  s ta tes  t o  determine how 

household consumption o f  e l e c t r i c i t y  i s  a f f e c t e d  by time-of-use p r i c ing . *  

Funding f o r  t h e  p r o j e c t s  was provided by t h e  Federal Energy Admin is t ra t ion ,  

p a r t i c i p a t i n g  u t i l i t i e s ,  and s t a t e  governments. I n  t h e  f a l l  o f  1977 t h e  

Department o f  Energy (DOE) contracted w i t h  t h e  Research T r iang le  I n s t i t u t e  

(RTI) t o  per form a comprehensive, standardized ana lys is  on t h e  data f rom 

t h e  r e s i d e n t i a l  components of . these studies. Th is  r e p o r t  on t h e  Arizona 

E l e c t r i c  U t i l i t y  Den.~onstration P ro jec t  i s  one o f  a se r ies  o f  f i n a l  repo r t s  

which w i l l  be publ ished under t h i s  contract .  (For a l i s t i n g  o f  these re -  

po r t s  and a summary o f  t h e  standardized a n a l y t i c a l  approach, see t h e  RTI 

A n a l y t i c a l  Master Plan [RTI , 19781. ) 

1.1 U b j e c t i  ves and Appl i c a t i o n  o f  F indings 

The ob jec t i ves  o f  t h e  ana lys is  repor ted  here a re  twofo ld :  

1. t o  determine whether r e s i d e n t i a l  customers on time-of-use ra tes  
use s i g n i f i c a n t l y  more o r  l e s s .  e l e c t r i c i t y  dur ing  spec i f i c '  hours 
o f  t h e  day than customers on conventional rates,  and 

2. t o  deterrnine p r i c e  e l a s t i c i t i e s  o f  demand f o r  e l e c t r i c i t y  by t ime- 
of-day; t h a t  i s ,  t o  determine whether e l e c t r i c i t y  consumption var- 
i e s  arnong customers who face d i f f e r e n t  t ime-of-use p r i ces  w i t h i n  
t h e  peak r a t i n g  pe r iod  and s i m i l a r l y ,  f o r  t h e  intermediate and 
base periods. 

The achievement o f  these ob jec t ives  w i l l  make a c o n t r i b u t i o n  o f  f a c t  

t o  t h e  growing debate on t h e  e f f e c t s  o f  t ime-of-use (TOU) p r i ces  and w i l l  

a i d  u t  i 1 i ty  planners and regu la to rs  i n  d e t e n ~ ~ i - n i  ng r a t e s  and i n  f o r e c a s t i n g  

*These t e n  p r o j e c t s  were i n  Arizona, Arkansas, Connecticut, Cal i f o r n i  a 
(Los Anyeles), New Jersey, Ohio, Wisconsin, Vermont, Michigan, and New 
York. Subsequently, s i x  p r o j e c t s  were added i n  C a l i f o r n i a ,  North Carol ina, 

" Oklahoma (Edmond), Puerto Rico, Rhode' ~ s i a n d ,  and Washi nyton. 



e l e c t r i c i t y  demand. For example, i n  r e a l i z i n g  t h e  f i r s t  ob jec t ive ,  we w i l l  

be p r o v i d i n g  in format ion  on how e l e c t r i c i t y  demand s h i f t s  under TOU ra tes  as 

compared w i t h  demand under conventional rates. S i m i l a r l y ,  knowledge o f  

e l a s t i c i t i e s  w i l l  permi t  more accurate p r o j e c t i o n  o f  t h e  e f f e c t s  o f  varying 

TOU r a t e  schedules on revenues and on t h e  crude shape of load curves. 

1.2 Summary D e s c r i p t i o n  o f  t h e  Experimental P r o j e c t  

I n i t i a t e d  i n  1975, t h e  Arizona E l e c t r i c  U t i l i t y  Demonstration p r o j e c t  
I 

invo lved exper in~er~ ta l  eva luat ions  o f  .t i111e-uT-use (TOU) ra tes  both alone and 

i n  combination w i t h  l oad  c o n t r o l  devices o r  spec ia l  educational e f f o r t s  by 

t h e  s t a f f  o f  t h e  p a r t l c i p a t i r ~ g  u t l l l t y ,  t h e  Armirorla Pub l i c  Serv ice Company 
. I 

(APS). Summarized i n  t a b l e  1-1, t h e  p o r t i o n  o f  t h e  Arizona p r o j e c t  analyzed 

i n  t h i s  repo r t  invo lved TOU' ra tes  alone.. 

Three groups o f  experimental TOU ra tes  were o f f e r e d  on an annual basis 

t o  randomly selected, vo lun teer  r e s i d e n t i a l  customers i n  t h e  Yu~na and Phoe- 

n i x  met ropo l i tan  areas. These two areas account f o r  most o f  t he  summer 

peaking on . t t ~ e  APS system. The volunteer  customers were requ i red  t o  'have 

t h e i r  basel ine e l e c t r i c i t y  usage metered by time-of-use between May and 

October o f  1975 w h i l e  they remained on t h e  conventional APS r e s i d e n t i a l  

ra te .  Then, du r ing  May-October 1976, a l l  p a r t i c i p a n t s  were b i l l e d  under TOU 

rates.  The r a t e  schedules were adjusted, though, t o  ensure t h a t  no house- ? 
h o l d  p a i d  more than i t s  previous yea r ' s  b i l l .  Rather, i f  a household's to -  

t a l  usage and t in ie p a t t e r n  o f  usage was i d e n t i c a l  t o  t h a t  o f  corresponding 

months o f  t h e  previous year, t h e  customer was assured o f  a b i l l  30 percent 

lower than under t h e  p r e v a i l i n g  conventional rate.  Any divergence from each 

household's previous y e a r ' s  usage w i t h i n  each o f  t h e  th ree  d a i l y  r a t i n g  

per iods  was b i l l e d  o r  c r e d i t e d  a t  t h e  va r iab le  KWH charges s p e c i f i e d  by one 

o f  t h e  28 unique TOU r a t e s  (see t a b l e  1-2). 



Table 1-1. Summary C h a r a c t e r i s t i c s  o f  t h e  Arizona E l e c t r i c  U t i l  i t y  
Demonstrat i o n  P-ro ject  

1. P a r t i c i p a t i n g  AgenciesIUt i  1  i t i e s f  U.S. Department o f  Energy (DOE), 
Arizona Pub1 i c  Serv ice  Com~anv (APS). Ar izona So la r  Research . - .  , - 
Commission, Dynamic Sciences, Inc. 

2. Type o f  Study: vo luntary,  b e f o r e l a f t e r  moni tor ing.  

3. Study Period: base l ine  period, s i x  months, May 1975 t o  October 1975; 
t e s t  per iod,  s i x  months, May 1976 t o  October 1976. 
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4. Meter ing: t h ree  r e g i s t e r  monthly cumulat ing meters. 

5. Rates: 28 r e s i d e n t i a l  t ime-of-use (TOU) ra tes  w i t h  t h r e e  d a i l y  r a t i n g  
periods--peak (P) ,  in te rmed ia te  ( I ) ,  base(B). S ix teen Group I 
rates,  G Group I I ' r a t e s ,  and 6 Group 111 r a t e s  where t h e  number o f  
hours i n  t h e  P, I, and B per iods are, respec t i ve l y ,  3-10-11 ( I ) ,  
5-8-11 (11), and 8-5-11 (111). 

6. Number o f  Customers: 140 customers on TOU r a t e s  only;  80 i n  Group I; 30 
i n  Group 11; and 30 i n  Group 111. 

7. Incentives/Revenue Neu t ra l i ze rs :  i n d i v i d u a l  b i l l  adjustments t o  achieve 
monthly c r e d i t s  equal t o  20 percent  o f  "est imated b i l l s "  under 
convent ional rates.  

F i v e  customers were placed on each of t h e  28 ra tes ,  thus  a t o t a l  of 

140 volunteers were involved.  O f  these 28 r a t e s  t h e  16 Group I ra tes  i n - ,  

corporated a three-hour peak per iod;  t h e  6 Group I 1  ra tes ,  a f i ve -hou r  peak 

period; and' t h e  6 Group 111 ra tes ,  an e igh t -hour  peak per iod.  Since t h e  

same t h i r t e e n  c lock  hours (9:00 a.m. t o  10:UO p.m. ) were covered by both 

t h e  peak and in te rmed ia te  per iods  f o r  a l l  t h r e e  groups,. the lengths  o f  t h e  

i nte r~ned ia te  per iods  were 10, 8, and 5 hours f o r  Groups I, 11, and I 1  I, 

respect ive ly .  A l l  o the r  hours were designated as base hours. 

The 140 p a r t i c i p a n t s  i n  t h e  experiment were among those even tua l l y  

re ta ined  f rom s imple random presamples o f  t h e  Phoenix and Yuma s e r v i c e  

areas. At  t he  t i m e  t h e  presamples were selected, t h e  Phoenix and Yuma 

se rv i ce  areas contained 165,000 and 16,000 qua1 i f i e d  (summer-peaki ng) 



Table 1-2. Experimental Rates and P a r t i c i p a n t  A l l o c a t i o n  

* 
Rate Rate (cents/KWH) ' ~ i  nal Number o f  ~ b s e r v a t i  onst 

Number Peak I n t .  Base May June J u l y  Aug. Sept. Oct. Jul-Sept. 

Group I 

1 16 5 3 4 5 5 5 5 3 5 
2 15 4 2 3 2 2 3 3 2 2 
3 15 7 4 3 3 2 2 2 1 1 
4 14 4 2 5 5 5 5 5 5 5 
5 14 6 4 5 3 5 5 5 4 5 
6 13 3 3 4 5 4 4 4 5 4 
7 13 4 2 '  3 5 5 4 5 4 4 

8 13 7 3 4 4 4 4 4 4 4 
9 12 5 1 4 4 3 3 3 3 3 

10 12 6 3 ' 5 5  5 4 5 5 4 
11 11 4 2 3 3 2 2 . 3  3 2 
12 11 - 7 4 4 3 3 4 4 '1 3 
13 10 4 1 4 5 3 4 4 4 3 
14 10 6 3 3 4 4 4 4 4 4 
15 9 5 2 4 5 , '  4 5 4 4 3 
16 ' 8 4 1 4 4 - 4 3 - 3 - 3 - 3 

62 65 60 61 63 
- 

Tota l  58 5 5 

17 12 4 2 2 3 4 4 3 4 3 
18 12 6 4 2 2 3 3 3 4 3 
19 11 4 2 4 4 4 4 4 4 4 
2 0 10 6 3 5 5 4 4 3 4 2 
2 1 9 4 2 4 3 4 3 3 4 3 
2 2 6 4 1 3 3 - - 3 - 3 - 3 - 3 - 3 - 

Tota l  20 20 22 21 19 23 18 

Group I 1 1  

23 9 4 2 4 4 4 4 4 4 4 
2 4 8 3 2 4 5 5 5 5 4 5 
2 5 7 4 2 3 4 4 4 4 3 4 
2 6 6 3 1 4 4 4 4 4 4 4 
2 7 5 4 3 5 5 5 5 5 5 5 
28 4 3 1 5 5 - - 5 - 5 - 5 - 5 - 5 - 

Tota l  25 27 27 27 27 25 2 7 

* 
D a i l y  r a t e  p r o f i l e s  f o r  each group are diagrammed i n  f i g u r e  2-1. 

+ p r i o r  t o  e d i t i n g  by RTI , the re '  were 5 p a r t i c i p a n t s  per  ra te .  D e t a i l s  
o f  t h e  e d i t i n g  are g iven i n  sec t i on  2.4 and summarized i n  t a b l e  2-2. 



households respect ive ly ,  o r  about 63 percent o f  t h e  t o t a l  286,000 res iden- 

t i a l  accounts i n  t h e  APS system. A substant ia l  number (68 percent)  o f  

those i n  t h e  presample were rejected--some because t h e i r  b i l l i n g  h i s t o r i e s  

were sho r te r  than one year  and some because o f  inaccess ib le  se rv i ce  entran- 

ces, i n s u f f i c i e n t  space t o  accommodate t h e  TOU meter, b r  i ncompat ib i l e  w i r -  

i n g  f o r  t h e  TOU meters. Due t o  these r e s t r i c t i o n s ,  t h e  r e s u l t s  presented 

i n  t h i s  repo r t ,  ' s t r i c t l y  speaking, apply on ly  t o  those Phoenix and Yuma 

r e s i d e n t i a l  customers who (a)  would have volunteered f o r  t h e  study and (b)  

would not  have been excluded f o r  t h e  above reasons. Thus t h e  nature o f  t h e  

sample f i ' n a l l y  se lec ted f o r  t he  Arizona p r o j e c t  l i m i t s  t h e  popu la t ion  t o  

which these r e s u l t s  can be p ro jec ted  accurately. 

For var ious reasons, i n c l u d i n g  both customer b i l l  i n g  under a d e f a u l t  

scheme (which prevented b i l l  s l a r g e r  than they  would have been under' t h e  

p r e v a i l i n g  conventional r a t e s )  and t h e  absence o f  appropr ia te  demographic 

data, t h e  sample was f u r t h e r  pared through e d i t i n g  a t  t h e  t ime  o f  ana lys i s  

t o  about 70 percent o f  i t s  o r i g i n a l  s i z e  depending on t h e  p a r t i c u l a r  

month(s) and group o f  customers invo lved (see t a b l e  1-2). 

1.3 Summary o f  F indings 

The r e s u l t s  o f  two types o f  analyses are inc luded i n  t h i s  repor t .  The 

f i r s t  analys is ,  a comparative analys is ,  was made t o  determine whether t ime- 

of-use rates,  as compared w i t h  conventional rates,  created a d i f f e r e n c e  i n  

household consumption o f  e l e c t r i c i t y .  The second analys is ,  a regression 

analysis,, was made t o  est imate demand e las t ic i t ies- -measures  o f  changes i n  

t h e  consumption o f  e l e c t r i c i t y  caused by changes i n  t ime-of-use pr ices.  

The comparative ana lys is  was completed f o r  customers i n  Group I - - the  

group t h a t  i n  both 1975 and 1976 had i d e n t i c a l  lengths o f  t ime  i n  t h e  peak, 

intermediate, and base per iods ( l a t e  afternoon, morning and evening, and 



n igh t ) .  This ana lys i s  f a i r l y  conv inc ing ly  showed t h a t  when on time-of-use 

rates,  t h e  customers i n  Group I reduced t h e i r  e l e c t r i c i t y  consumption dur ing  

~ t h e  peak r a t i n g  p e r i o d  by 7-16 percent and t h e  in termedia te  pe r iod  by 1-9 

percent.* To a l e s s  s i g n i f i c a n t  degree the re  i s  evidence t h a t  some o f  t h i s  

e l e c t r i c i t y  consumption was s h i f t e d  t o  t h e  base pe r iod  and t h a t  ove ra l l  

e l e c t r i c i t y  consumption dec l ined s l i g h t l y .  

These r e s u t t s  are  presented g r a p h i c a l l y  i n  t h e  f o u r  panels o f  f i g u r e  1 
1-1, which show monthly weather-adjusted average d a i l y  KWH usage f o r  each o f  

t h e  th ree  d a i l y  r a t ~ n g  per iods  f o r  1975 and 1916, together  w i t h  average 

t o t a l  d a i l y  KWH usage. . The char t s  r e f l e c t  both t h e  7 t o  16 percent re- 

duc t ions  i n  peak pe r iod  KlnlH usage f rom June t o  October and t h e  reduct ions i n  

in termedia te  pe r iod  usage i n  each o f  t h e  months. . F i n a l l y ,  t h e  l ack  o f  sta- 

t i s t i c a l  s i g n i f i c a n c e  i n  e i t h e r  t h e  average increase i n  base pe r iod  consump- 

t i o n  o r  i n  t h e  average decrease i n  o v e r a l l  e l e c t r i c i t y  consumption i s  appar- 

en t  . f rom t h e  small  between-year d i f f e rences  shown i n  t h e  l a s t  two panels o f  

f i g u r e  1-1. 

By contrast. t h e  regression ana lys i s  . f a i l e d  t o  detec t  any s i g n i f i c a n t  

p r i c e  e l a s t i c i t i e s  f o r  peak, in termediate,  o r  base pe r iod  consumption; t h a t  

i s ,  t h e r e  was no s i g n i f i c a n t  change i n  KWH consumption as time-of-use p r i c e s  

were varied. An a l t e r n a t i v e  approach t o  t h e  demand ana lys is  i s  reported i n  

Appendix D. This a l t e r n a t i v e  inore fo rma l l y  i n teg ra tes  economic theory i n  ( 

ir' 
t h e  form o f  more r e s t r i c t i v e  es t ima t ion  models than those o f  chapter 4. The 

o v e r a l l  conclus ion i s  t h a t  t h e  apparent s t a t i s t i c a l  s i g n i f i c a n c e  o f  p r i c e  

e f f e c t s  i n  those models was very quest ionable and probably a  d i r e c t  r e s u l t  

o f  untested r e s t r i c t i o n s  incorporated i n  t h e  es t imat ion  model s. For t h e  

*As d e t a i l e d  i n  chapter  3, t h i s  conclus ion fo l l ows  even a f t e r  ad jus t -  
ments f o r  d i f f e rences  i n  weather cond i t ions  du r ing  t h e  two years. 
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more s t r a i g h t f o r w a r d  TOU e l e c t r i c i t y  demand models o f  chapter  4, e l a s t i c i -  

t i e s  f o r  peak, in te rmed ia te , ,  and base per iods were e s s e n t i a l l y  zero. For 

these models, t h e  few cases i n  which p a r t i c u l a r  " s i g n i f i c a n t "  e l a s t i c i t i e s  

appeared may have been spurious. 
\ 

While t h e r e  may have been many reasons f o r  observ ing a decrease i n  peak 

and in te rmed ia te  consumption and zero e l a s t i c i t y  f o r  peak, in termediate,  and 

base pr ices ,  one poss ib le  exp lanat ion  i s  t h e  subs tan t i a l  emphasis t h a t  t h e  

b i l l i n g  scheme, as conveyed i n  t h e  customer*educat ion l i t e r a t u r e , '  placed on 

t h e  d iscount  formula and i t s  assoc ia t i on  w i t h  peak, in termediate,  and base 

t imes o f  t h e  day, as opposed t o  t h e  exact cos t  o f  peak, in te rmed ia te  o r  base 

KWH. 



Thus f o r  t h e  study as a  whole, t h e  o v e r a l l  conclusions are: 

1. The customers who p a r t i c i p a t e d  i n  t h e  Arizona experiment and whose 
e l e c t r i c i t y  consumption could be compared both before and a f t e r  t h e  
impos i t i on  o f  time-.of-use ra tes  d i d  reduce t h e i r  e l e c t r i c i t y  
consumption du r ing  t h e  peak pe r iod  by 7-16 percent and dur ing  the  
i nter~ned ia te  p e r i o d  by 1-9 percent. Some of t h e  reduct ion  may have 
been s h i f t e d  t o  t h e  base pe r iod  and o v e r a l l  e l e c t r i c i t y  consumption 
decl i ned s l  i ght ly .  

2. No s t a t  i s t i c a l  l y  s i g n i f i c a n t  p r i c e  e l  a s t i c i t i e s  were observed f o r  
t ime-of-use pr ices ;  t h a t  i s ,  t h e  time-of-use p a t t e r n  o f  e l e c t r i -  ! 
c i t y  consumption by p a r t i c i p a n t s  i n  t h e  experiment d i d  not  vary 
w i t h  t h e  time-of-use p a t t e r n  of peak e l e c t r i c i t y  pr ices. However, 
t h e  proper i n t e r p r e t a t i o n  o f  t h i s  f i n d i n g  i s  confused b.y the  corn- 
1.11exltIos o f  t h e  Arizona study design. 

1.4 b i ~ r i i t a t i o n s  of the  Demonstration and Qua1 i f  i c a t i o r l  o f  
An.alytica1 Resu l ts  

One ser ious l i m i t a t i o n  on t h e  scope o f  t h i s  study i s  caused by t h e  I 
h i g h l y  r e s t r i c t e d  subse t ' o f  t h e  APS popu la t ion  t o  which t h e  resu1 . t~  o f  t h i s  

ana lys is  per ta in .  To qual i f y  f o r  p a r t i c i p a t i o n  i n  t h e  demonstration house- I 
holds had t o  be located i n  Phoenix o r  Yuma, be sumrrler peaking, and .have more 

than  one year ' s  b i l l  i n g  h i s to ry .  I n  add i t ion ,  many households actual  l y  cho- I 
sen f o r  p a r t i c i p a t i o n  had t o  be r e j e c t e d  because o f  d i f f i c u l t i e s  i n  i n s t a l l -  

i ng o r  s e r v i c i n g  t h e  TOU meter. F i n a l l y ,  a l l  households had t h e  ' r i g h t  t o  I 
re fuse t o  p a r t i c i p a t e  i n  t h e  study. As a  r e s u l t ,  i t  was est imated t h a t  only 

about 19 percent (54,750) o f  t h e  t o t a l  number o f  APS r e s i d e n t i a l  households 

(286,000) were qua1 i f  i e d  t o  pa r t i c ipa te .  4 
A second major l i m i t a t i o n  i s  t h e  manner i n  which e l e c t r i c i t y  b i l l s  were 

calculated.  B i l l s  were computed i n  such a  way t h a t  an average customer 

would save 30 p e r c e n t  o f f  t h e  p r e v a i l i n g  conventional rate,  even if h i s  us- 

age remained' unchanged;from.>the previous (base1 i ne) year. Furthermore, a1 1  

b i l l s  were constra ined . t o  be no l a r g e r  than what they were dur ing  t h e  base- 
. , 

1 i ne year, regard1 ess o f  . how rnuch add i t i ona l  e l e c t r i c i t y  was consumed. It 
?. 

i s  q u i t e  l i k e l y  t h a t  t h i s , b i l l i n g  procedure removed a  s izeab le  p ropor t i on  o f  



t h e  average customer's i n c e n t i v e  t o  reshape h i s  e l e c t r i c i t y  consumption pat-  

t e r n s  i n  a manner compatible w i t h  h i s  t ime-of-use p r i c i n g  schedule. 

The e f f e c t s  o f  o the r  qual i f i c a t i o n s  on t h e  r e s u l t s  a re  probably minor 

compared t o  those o f  t h e  two problems j u s t  described. They may be summar- 
. . 

i z e d  b r i e f l y  as fo l l ows :  

The r e s u l t s  apply o n l y . t o  t h e  months May t o  October. 

The sample s i z e  o f  140 i s  smal l  when one considers t h a t  t he re  were 
3 separate ana lys i s  groups and a t o t a l  o f  28 d i f f e r e n t  TOU rates. 
Even when demographic d i f f e rences  among customers a re  con t ro l l ed ,  
v a r i a b i l i t y  among e l e c t r i c i t y  consumption pa t te rns  o f  t h e  households 
i n  t h e  sample may be so great  as t o  obscure any r e a l  responses t o  
t h e  experimental rates.  

*. About 30 percent  o f  t h e  140 households i n  t h e  o r i g i n a l  sample had t o  
t o  be e d i t e d  out o f  t h e  sample due t o  bad o r  miss ing  data. It i s  : 
unknown t o  what ex ten t  t h i s  a f f e c t e d  t h e  c h a r a c t e r i s i t c s  o f  t h e  pop- 
u l a t i o n  t o  which in fe rences can be drawn. However, t h i s  i s  o f  l e s -  
s e r  concern because t h e  o r i g i n a l  exc lus ion  c r i t e r i a  had by t h i s  t ime  
made t h e  popu la t i on  o f  in fe rence q u i t e  smal l  and obscurely defined. 

The numbers of Phoenix and Yun~a res idents  i n  t h e  presample f rom 
which t h e  f i n a l  l i s t  o f  p a r t i c i p a n t s  was se lec ted  re f ' l ec ted  a h ighe r  
sampling r a t e  o f  t h e  Yuma popu la t ion  ( rough ly  f i v e  t imes g rea te r  
t han  t h a t  o f  Phoenix). Since these two l i s t s  o f  Phoenix and Yuma 
res iden ts  were random sampl es, a wei ghted ana lys i  s woul d be appro- 
p r i a t e  t o  c o r r e c t  f o r  t h e  d i f f e r e n t  sampling rates. Unfor tunate ly ,  
as t h e  foo tno te  o f  t a b l e  2-1 p o i n t s  out, a much h ighe r  percentage o f  
Yuma res idents  than Phoenix res idents  i n  t h e  presample f a i l e d  t o  
qual i f y  f o r  i n c l u s i o n  i n  t h e  experiment. Because t h e  number o f  cus- 
tomers t h a t  f a i l e d  t o  q u a l i f y  was so subs tan t i a l ,  i t  cou ld  no longer  
be assumed t h a t  t h e  f i n a l  groups o f  p a r t i c i p a n t s  were random sam- 
p l  es, nor  cou ld  i t  be assumed t h a t  t h e  two groups were equal l y  rep- 
r e s e n t a t i v e  o f  t h e i r  respect ive  c i t i e s .  I n  l i g h t  o f  t h i s ,  i t  was 
decided not  t o  perform a weighted analysis.  

A1 1 households p laced on t h e  TOU r a t e s  were volunteers, i .e., once 
chosen, they  had t h e  r i g h t  t o  re fuse t o  be b i l l e d  under a TOU rate.  
Those who refused were re legated t o  t h e  c o n t r o l  group and b i l l e d  
under t h e  convent ional ra te .  

There was no " e f f e c t i v e "  c o n t r o l  group i n  t h e  experiment. Compara- 
t i v e  analyses o f  t h e  data between t h e  experimental  group and t h e  
smal l  c o n t r o l  group (composed o f  those customers who refused TOU 
r a t e s )  would be v i r t u a l  l y  useless. The consumption behavior o f  
those who refused t o  volunteer  ( c o n t r o l  group) would a ln~os t  cer-  
t a i n l y  be d i f f e r e n t  from t h a t  o f  those who agreed t o  p a r t i c i p a t e  



(experimental  group). Thus, these d i f ferences cou ld  no t  be a t t r i  bu- 
t a b l e  j u s t  t o  t h e  f a c t  t h a t  t h e  two groups faced d i f f e r e n t  r a t e  
s t ruc tures .  

The usage data  a r e  monthly aggregat ions and the re fo re  t h e  ana lys i s  
r e s u l t s  apply t o  average demand r a t h e r  t han  peak demand. 

The TOU r a t e  schedules may have been confus ing  t o  some p a r t i c i p a n t s  
(see s e c t i o n  2.2). 



CHAPTER. 2: PROJECT CHARACTERISTICS 

Th is  chaptkr  descr i  bes desi in c h a r a c t e r i s t i c s  o f  t h e  Arizona ' ~ l  e c t r i c  

U t i l i t y  Demonstration Pro jec t .  The f i r s t  sec t i on  sunimarizes major features 

of t h e  experiment, i n c l u d i n g  such items as t h e  study period, metering, and 

t h e  number o f  customers involved; t h e  second sec t i on  describes t h e  exper i -  

mental ra tes  t h a t  were appl ied;  t h e  t h i r d  sec t ion  summarizes t h e  design o f  

t h e  sample; and t h e  f o u r t h  sec t ion  reviews t h e  data e d i t i n g  procedures em- 

ployed I n  t h e  analys is .  

2.1 ' H i s t o r y  and Major Features o f  t h e  P r o j e c t  

The Arizona p r o j e c t  was i n i t i a t e d  i n  1975 under a  cooperat ive agreement: 

between t h e  U.S. Department o f  Energy, t h e  Arizona Pub1 i c  Serv ice Company 

(APS), t h e  Arizona So lar  Energy Research. Commission, and Dynamic Sciences 

Incorporated. The study i nvol ved t h e  eva luat ion  o f  both r e s i d e n t i  a1 t ime- 

of-use (TOU) ra tes  alone and TOU r a t e s  combined w i t h  e i t h e r  load c o n t r o l  

equi pment o r  c o n t i  nui  ng i n t e r a c t i o n s  w i t h  APS s t a f f .  The ana lys is  repor ted  

here i s  conf ined t o  t h a t  p o r t i o n  o f  t h e  demonstration focusing on TOU r a t e s  

a1 one. 

A  t o t a l  o f  140 randomly se lec ted r e s i d e n t i a l  customers i n  Yuma and 

Phoenix volunteered t o  p a r t i c i p a t e  i n  t h i s  study. The study began w i t h  t h e  

c o l l e c t i o n  o f  base1 i n e  data du r ing  t h e  s i x  month per iod  f rom May 1975 t o  

October 1975. These base l ine  data were c o l l e c t e d  f o r  comparison w i t h  custo- 

mer responses du r ing  t h e  TOU r a t e  t e s t  period. The t e s t  data were c o l l e c t e d  

from May through October 1976, us ing  t h r e e - r e g i s t e r  monthly cumulat ing 

meters t h a t  were se t  t o  record  usage f o r  t h e  t h r e e  d a i l y  r a t i n g  per iods t h a t  

were even tua l l y  app l ied  t o  80 (Group I) o f  . t h e  140 customers on TOU rates.  

The summer t e s t  pe r iod  was o f  obvious i n t e r e s t  t o  APS because i t  i s  a  s t rong 



summer-peaking u t i l i t y .  A s i n g l e  quest ionna i re  was adminis tered t w i c e  p r i o r  

t o  t h e  TOU r a t e  t e s t  p e r i o d  (May t o  October, 1976) and once again a t  t h e  end 

o f  t h a t  period.* 

2.2 Design o f  t h e  Experimental  Rates 

The twenty-e i  ght TOU r a t e s  were d i v i d e d  i n t o  t h r e e  groups d i s t i ngu i shed  

by t h e  l eng th  and s t a r t - t i m e  o f  t h e  peak and in te rmed ia te  r a t i n g  periods. 

Table 1-2 shows t h e  t h r e e  groups and t h e  d i s t r i b u t i o n  o f  r a t e s  and exper i -  

mental households among them. Group I had a 3-hour peak pe r iod  (2-5 p.m.) 

and conta ined 16 r a t e s  t h a t  had peak t o  base marginal p r i c e  r a t i ~ s  ranging 

f rom 8 ; l  t o  2.76:l; Group I1 hild il 5-hour peak per iod  (2-7 15.111. ) drld curl- 

t a i n e d  6 r a t e s  w i t h  marginal p r i c e  r a t i o s  ranging f rom 6: 1 t o  3 : l ;  and Group 

I11 had an 8-hour peak p e r i o d  (2-10 p.m. ) and conta ined 6 r a t e s  w i t h  mar- 

g i n a l  p r i c e  r a t i o s  rang ing  f rom 6 : l  t o  1.67:l. F igure  2-1 shows t h e  d a i l y  

p r o f i l e s  o f  those r a t e s  which were app l i ed  on a1 1 days (weekends and ho l  i- 

days as we l l  as weekdays) du r ing  t h e  s i x  month experimental  period. 

The design o f  t h e  TOU r a t e s  i n  Arizona i nvo l ved  a unique scheme f o r  

g i v i n g  experimental  customers c r e d i t s  on t h e i r  e l e c t r i c  b i  11s. The scheme 

was designed w i t h  two purposes i n  mind: (1) t o  permi t  s ~ ~ h s t a n t i a l  v a r i a t i o n  

i n  t h e  marginal t ime-of-day p r i c e  o f  e l e c t r i c ' l t y ,  t h a t  i s ,  t h e  peak, i n t e r -  

mediate or  base p r i ce ,  and (2)  t o  p rov ide  t h e  vo lun teer  customers w i t h  a 

f i n a n c i a l  i n c e n t i v e  t o  p a r t i c i p a t e  i n  t h e  experiment. The c r e d i t s  r e s u l t e d  

i n  1976 monthly b i l l s  t h a t  were about 30 percent lower than  they otherwise 

would have been i f  each customer had used t h e  same amount o f  e l e c t r i c i t y  

i n a  given t i m e p e r i o d i n  1976 a s h e  had u s e d i n  t h a t t i m e  p e r i o d i n  

* Copies o f  t h e  pre- and pos t - tes t  i n te rv iews  are  g iven i n  sec t i on  V o f  
'Appendix B t o  t h e  Ar izona p r o j e c t  f i n a l  r e p o r t  (Arizona So la r  Energy Re- 
search commission, 1977). 
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Figure  2-1. Schematic o f  Arizona Experimental Rates 

.Number E f f e c t i v e  

Dai l y  Rate p r o f  i les*  
o f  Periods 

~ a t e s ~  months days 

Group I: 

hour 

Group I 1  : 

hour 

Group 111: 

'hour 

a l l .  a l l  

* Hour zero (0) on t h e  r a t e  p r o f i l e  r e f e r s  t o  12:OO midnight. 

' . t 1n  t h i s  context  a " ra te "  r e f e r s  t o  a par t icu1,ar  combination o f  peak, 
i nt'ermedi ate, and base p r i  ces. 



1975.* This  b i l l  r e d u c t i o n  was achieved through t h e  combined,ef fects o f  two 

features o f  t h e  r a t e  schedule: 

1. omission. o f  t h e  12 percent  general r a t e  increase o f  A p r i l  1976 from 
t h e  r a t e  charged t h e  t e s t  groups, and 

2. adjustment o f  i n d i v i d u a l  monthly b i l l s  through a "base KWH" a1 low- 
ance system. For  each customer a "base KWH" was computed f o r  each 

. r a t i n g  period. The a1 lowance was equ iva len t  t o  120 percent  o f  l a s t  
y e a r ' s  KWH consumption i n  t h a t  t ime  p e r i o d  f o r  a given b i l l i n g  

*For each month o f  t h e  t e s t  year,  a "base energy" 1 eve1 , KWHbi, i s  corn- 
puted f o r  each r a t i n g  p e r i o d  based on consuaption, KWHoi i n  t h e  same month 
o f  t h e  base y e a r  ( these were est imated f o r  t h e  Group 11 and Group.111 custo- 
mers) : 

The b i l l ,  B1, f o r  each month o f  t h e  t e s t  yea r  i s  f i g u r e d  as: 
. - - - 3 

B1 = Bo + C P i  (KWHlj - KWHbi), where 
i = l  

Bo = prev ious y e a r ' s  b i l l ,  

P i  = t e s t  y e a r  p r i c e  by TOU, i = base, in termediate,  peak, 

, KWHli = t e s t  y e a r  usage by TOLJ, i = base, in termediate,  peak,, and 

KWH0 = E KWH01 = prev ious y e a r ' s  t o t a l  usage. 
i = l  

Th i s  reduces t o :  
3 

i.e., t h e  1976 b i l l  equals 80 percent  o f  t h e  1975 b i l l  p l us  t h e  d i f f e rence  
between t h e  energy charges f o r  1976 usage a t  TOU p r i c e s  and 1975 usage a t  
TOU pr ices .  ' Therefore, t h e  marginal cos t  o f  energy i s  s imply Pi ;  t h i s  may 
be seen by t a k i  ng ' t h e  d e r i v a t i v e  o f  B1 w i t h  respect  t o  KWHli. 

Also, s ince  .Bo was about 88 percent  o f  what a customer's b i l l ,  B*, 
would have been on t h e  c ~ n v e n t i o n a l ~ r a t e  i n  i976, no change i n  usage would 
have been b i l l e d  a t  B1 = (.8)(.88)B = .704 B which imp l i es  a combined b i l l  
r educ t i on  o f  29.6% f o r  customers t h a t  used e x a c t l y  t h e  same amount o f  elec- 
t r i c i t y  i n  each o f  t h e  t h r e e  r a t i n g  per iods du r ing  bo th  1975 and 1976. 



month. I f  a cystomer h a d  used h i s  base amounts, h i s  b i l l  would 
have been about 20 percent lower than h i s  1975 b i l l .  Because t h e  
conventional r a t e s  were ra i sed  i n  1976, t h i s  b i l l  reduct ion  would 
have been about 30 percent of h i s  b i l l  under those rates. 

I n  add i t ion ,  cons t ra in ts  were placed on each household's b i l l  so i t  

cou ld  be no less  than 30 percent and no more than  100 percent o f  t h e  amount 

t h a t  would have been p a i d  on t h e  conventional r a t e  i n  e f f e c t  dur ing  1976. 

Had these cons t ra in ts  not  been i n  e f f e c t ,  about 7 t o  10 percent o f  t he  vo l -  

unteers would have been b i l l e d  more under t h e  TOU r a t e s  than under t h e  con- 

vent i onal rates.  * 

~ e s i ~ n  o f  t h e  Sample 

The met ropo l i t an  areas chosen f o r  sampling were Phoenix and Yuma, t h e  

two regions l a r g e l y  respons ib le  f o r  summer. peaking on t h e  APS system. They.. 

contained about 63 percent of t h e  APS r e s i d e n t i a l  accounts--181,000 o f  t h e  

286,000 APS resident;  a1 customers--at t h e  t ime t h e  sample was selected. 

From these accounts simple random presamples o f  414 Phoenix customers and 

210 Yurna customers were drawn. 

O f  those customers se lec ted i n  t h e  Phoenix presample, 18 percent were 

r e j e c t e d  because they  had b i l l i n g  h i s t o r i e s  o f  l e s s  than one year and 41 

percent were r e j e c t e d  because o f  inaccess ib le  se rv i ce  entrances o r  because 

of i n s u f f i c i e n t . .  space t o  accommodate t h e  TOU meter. Thus, exclus ions i n  

Phoenix t o t a l e d  59 percent, l eav ing  o n l y  41. percent o f  t h e  presampled popu- 
. . 

. l a t i o n  e l i g i b l e  t o  be sampl'ed. ' I n  Yuma, exclus ions l e f t  e l i g i b l e  on ly  14 

percent o f  i t s  presampled populat ion. A t o t a l  o f  183 customers f rom Phoenix 

and Yuma were assigned t o  t h e  time-of-day and load c o n t r o l  experimental 

rates. O f  these customers, 140 were assigned t o  t h e  28 experimental groups 

*This appeared most common f o r  1976 vacat ioners who had es tab l ished 
very h i g h  "base KWH" (and hence d iscounts)  i n  1975. 



. , 

Table 2-1. C r i t e r i a  f o r  I n c l u s i o n  i n  t h e  Demonstration 
- 

I n c l u s i o n  C r i t e r i o n  Percent I nc l  uded Number o f  Customers 

I (1 )  Res iden t i a l  APS customer 100% 286,000 

(2)  Summer-peaki ng customer 70% o f  (1) 200,000 

I 

I ( 3 )  Resident o f  Phoenix o r  Yurna 90% o f  (2 )  181,000 

1 (4) More than one y e a r ' s  b i  11 i ng 
I h i s t o r y  87% o f  (3 )  

(5 )  Access1 b l e  s e r v i c e  entrance, 
s u f f i c i e n t  space f o r  t h e  TOU 
Nleter, and compati b l  e w i  ri ng 
f o r  t h e  meter 373 o f  (4)*  58,000 

(6)  Customer w i l l i n g  t o  
p a r t i c i p a t e  

*The i n c l u s i o n  percentayes f o r  t h i s  c r i t e r i o n  d i f f e r  s u b s t a n t i a l l y  be- 
tween Phoenix and Yurna. They a r e  50% f o r  Phoenix and 15% f o r  Yuma. 

o f  5 customers each (see t a b l e  1-2) i n  Groups 1-111, and 11 customers were 

ass i  sned t o  t h e  " con t ro l  " group f o r  t h e  tirne-of-day experiments. 

Two fea tures  o f  t h e  Arizona sample severely  l i m i t  t h e  popu la t ion  t o  

which a n a l y t i c a l  r e s u l t s  can be pro jected.  F i r s t ,  t h e  experimental ra tes  i n  

t h e  Arizona s tudy  were o f f e r e d  on a vo lun tary  basis. Secondly, on ly  26 per-  

cent  o f  t h e  phoenix, and 9 percent  o f  t he  Yunla APS r e s i d e n t i a l  customers 

were a c t u a l l y  g iven a chance t o  be se lec ted  as a volunteer.  A d e t a i l e d  

account ing o f  t h e  e f f e c t s  o f  c r i t e r i a  used t o  determine q u a l i f i c a t i o n  f o r  

p a r t i c i p a t i o n  i n  t h e  study i s  y iven i n  t a b l e  2-1. 



Since t h e  "con t ro l " .g roup~was  l a r g e l y  'composed o f  customers who refused 

I t o  accept an experimental . r a t e  no e f f e c t i v e  c o n t r o i  group was a c t u a l l y  moni- 

I tored. For f u r t h e r  d e t a i l s  on t h e  design o f  t h e  Arizona sample r e f e r  t o  

I Volume I 1  o f  t h e  A n a l y t i c a l  Master Plan (RTI, 1978) and t o  H i l l , .  e t  a l .  

2.4 E d i t i n g  o f  Sample Data 

Table 2-2 summarizes, by month, de le t i ons  due t o  e d i t i n g  t h a t  were made 

I p r i o r  t o  t h e  ana lys is  o f  t h e  1976 t e s t  'data. These de le t i ons  reduced t h e  

I o r i g i n a l  sample t o  roughly 70 .percent - o f  t h e  o r i g i n a l  t o t a l s .  It was t h i s  

I ed i ted  saraple t h a t  was used i n  t h e  analyses. There were f i v e  major reasons 

I f o r  excluding customers: 1) a  customer had zero o r  near zero usage i n  t h e  

t e s t  per iod  because o f  t h e  occurrence of some anomalous event, perhaps a  

vacation; 2)  demographic data were unavai lable;  3 )  a  household was ac tua l  l y  

I b i l  l e d  on t h e  conventiondl r d l e  (zero d iscount )  as described above; 4)  i n -  

come data were unavai lable;  and 5 )  a  change i n  home ownership had occurred 

dur ing  t h e  study. 

The t o t a l  number o f  excluded households and t h e  r e s u l t i n g  t o t a l  number 

I o f  observat ions f o r  each month are  a l so  repor ted  i n  t a b l e  2-2. The l a s t  

column o f  t h e  t a b l e  g ives corresponding in fo rmat ion  f o r  t h e  aggregated data 

from t h e  months J u l y  through September, s ince these data were used t o  repre-  

sent t h e  "'core" months o f  t h e  summer season i n  several o f  t h e  reported re -  

1 gressions. Appendix A conta ins the  support ing d e t a i l s  f o r  t h i s  t a b l e  f o r  

~ each. o f  t h e  140 i n d i v i d u a l  customers, i d e n t i f i e d  by t h e i r  experiment I D  
1 

codes. 

Appendix B provides a  d e t a i l e d  summary o f  t h e  data processing proce- 

dures f o r  f i l e  c r e a t i o n  and ana lys is  t h a t  were app l i ed  i n  completing t h e  

regressions together  w i t h  add i t i ona l  i n fo rma t jon  on edi t i 'ng.  

17 



Table 2-2. Summary - E d i t s  o f  Sample 

Reason May June J u l y  August September October Jul-Sep 

I Group I: 

Zero o r  near 
zero usage 

No demo. f i l e  
Zero d iscount  
Income n,ot 

repor ted  
Change i n  home 

owncr 
Other 
To ta l  Excl  usions* 
To ta l  Obscvvat S ons 

~ Group 11: 

Zero o r  near 
zero  usage 

No demo. f i l e  
Zero d iscount  
Income not  

repor ted  
Change i n  home 

owner 
Other 
To ta l  Exclusions* 
To ta l  Observations 

Group 111: 

Zero o r  near 
zero  usage 1 1 

No demo. f i l e  1 1 
Zero d iscount  2 0 
Income not  , 

repor ted  2 2 
Change i n  home 

owner 1 1 
Other 0 0 
To ta l  Exclusions* 5 3 
To ta l  Observations 25 27 

*Columns are  not  a d d i t i v e  because a g i  ven user may ' f a 1  1 i n t o  more than.  
one exc lus ion  category. 



The e d i t i n g  inc luded a . s i g n i f i c a n t  e f f o r t  by both t h e  APS and RTI s ta f f  

t o  c o r r e c t  t h e  Arizona data base t h a t  had been used i n  previous studies of 

t h e  Arizona data, e.g., Tay lor  (1978).   he o r j g i n a l  repor ted  data were t h e  

ac tua l  KWH consumption meter readings f o r  each  customer.'^' b i l l  i n g  months 

which d i f f e r e d  among customers-by as much as 22 days, e.g., dur ing  t h e  June 

1976 b i l l  i n y  month one customers. '~ meter readings r e f l e c t e d  22 days o f  usage 

and another 's  represented 44 days o f  usage. Therefore i t  was apparent t h a t  

previous attempts t o  e x p l a i n  v a r i a t i o n  i n  t o t a l  KWH consumption w i t h i n  d a i l y  

r a t i n g  per iods f o r  each b i l l  jng month had been impeded by t h e  f a i l u r e  t o  

ad jus t  t h e  data t o  account f o r  t h i s  source o f  va r ia t i on .  The ana lys is  re -  

por ted  here re1 i e s  upon t h e  actual  meter-read dates, provided by APS, to :  

compute ac tua l  average d a i l y  KWH' usage i n  .each o f  t h e  d a i l y  r a t i n g  per iods 

and t o  use those as t h e  dependent var iab les  i n  t h e  analys is .  Therefore t h e  

dependent var iab les  represent b i l l i n g  month averages r a t h e r  than calendar 

month averages. Thus, t h e  "monthly" analyses t h a t  f o l l o w  are  a c t u a l l y  anal- 

yses o f  b i l l i n g  months which d i f f e r  among customers. To con t ro l  f o r  these 

d i f fe rences,  var iab les  r e f l e c t i n g  t h e  average temperature and t h e  number of 

weekend days and hol  idays i n  each customer's b i l l  i n g  month were inc luded i n  

t h e  analys is .  
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CHAPTER 3: COMPARATIVE ANALYSIS 

Th is  chapter presents comparisons between 1975 and 1976 average dai  l y  

e l e c t r i c i t y  consumption du r ing  each of t h e  t h r e e  d a i l y .  r a t i n g  per iods (peak, 

in termedia te  and base) f o r  Group I customers i n  t h e  Arizona study ( f i g u r e  

I 2-1). The r e s u l t s  can be p ro jec ted  on ly  t o  those Yuma and Phoenix customers 

I who would have volunteered t o  p a r t i c i p a t e  i n  t h e  experiment and would not  have 

been excluded f o r  t h e  s p e c i f i c  reasons described i n  sec t ions  2.3 and 2.4 

above. The o v e r a l l  conclus ion developed i n  t h i s  chapter  i s  t h a t  Group I cus- 

I . ,  tomers s i g n i f i c a n t l y  reduced t h e i  r e l e c t r i c i t y  consumption d u r i  ng t h e  peak and 

I1 i ntermediate periods. The evidence a1 so suggests, bu t  l e s s  convinc ingly,  t h a t  

Group I customers s h i f t e d  some o f  t h a t  'usage t o  t h e  base pe r iod  and reduced 

. the1 r e i e c t r i c i t y  consumption ove ra l l .  

3,l Es t imat ion  Model 

A very bas ic  quest ion  about TOU r a t e s  i s :  are e l e c t r i c i t y  consumption 

I pa t te rns  f o r  customers on TOU ra tes  d i f f e r e n t  f rom those o f  t h e  same customers 

on conventional d e c l i n i n g  b lock ra tes?  I n  t h e  contex t  o f  t h e  Arizona study, 

one can analyze data t o  answer t h i s  quest ion by proceeding c o n d i t i o n a l l y  i n  

I comparing a l l  customer responses under t h e  1976 t e s t  r a t e s  t o  those under t h e  

I 1975 conventional ra te ,  regard1 ess o f  t h e  p a r t i c u l a r  marginal t ime-of-use 

I e l e c t r i c i t y  p r i c e  t h a t  each customer faced. Since peak, intermediate, and 

base per iods 'actual  l y  monitored du r ing  1975 were i d e n t i c a l  i n  1 ength t o  those 

I eventua l ly  assigned t o  t h e  80 Group I t e s t  customers, these customers serve as 

I t h e i r  own c o n t r o l s  and thus were t h e  on ly  customers who cou ld  be candidates 

f o r  t h i s  type o f  comparative analysis.* 

*The ' A r i  zona p r o j e c t  team imputed 1975 peak, i ntermedi ate, and base con- 
sumption values f o r  cus'tomers i n  Groups I 1  and 111. This was necessary f o r  
developing t h e  "discount formula" f o r  each experimental customer (see chapter  
2 



The amount o f  e l e c t r i c i t y  consumed by i n d i v i d u a l  households dur ing  each 

o f  t h e  th ree  d a i l y  r a t i n g  per iods i n  1975 ( the  year  be fore  TOU ra tes  were i n  

e f f e c t )  r e f l e c t s  t h e  combined e f fec ts  o f  many f a c t o r s  i n c l u d i n g  . t a s t e s ,  work 

schedules, appl iance stocks, weather, etc. The proposed regression model hy- 

pothesizes t h a t  e l e c t r i c i t y  consumption du r ing  those same per iods o f  1976 ( the  

yea r  when TOU r a t e s  were i n  e f f e c t )  i s  a l i n e a r  f u n c t i o n  o f  a l l  t h e  same fac- 

t o r s  t h a t  affected 1975 consumption and o f  t h e  change i n  weather. Since most 

o f  t h e  response t o  Ar izona weather du r ing  t h e  summer months i s  l i k e l y  t o  be 

e f f e c t e d  i n  a i r  c o n d i t i o n i n g  demand, e f f e c t s  o f  changes i n  weather are 1 i k e l y  

t o  be r e l a t e d  t o  t h e  product o f  t h e  s i z e  o f  t h e  cooled space and t h e  i n t e n s i t y  

o f  t h e  outdoor heat. Therefore t h e  proposed model i s  . 

f o r  k = 1, ..., 3 (peak, in termediate,  and base) 

and j = 1,. . . ,n (customers) where 

k 
y j t  = d a i l y  KWH consumption i n  r a t i n g  pe r iod  k dur ing  year  t, 

'jt = c o o l i n g  requirements measured as t h e  product o f  average d a i l y  
coo l i ng  degree days i n  year t , and a i r  condi t ioned square 
f o o t  age, 

k k  a , b , and ck = regress ion parameters, and 

k 
e j t  = e r ror .  

k 
The weather-adjusted d i f fe rence,  AYj, between a. household's e l  e c t r i c i t y  

demand under TOU r a t e s  and under conventional r a t e s  i s  est imated by subtrac- 

t i n g  1975 consumption f rom both s ides o f  eq. (1)  and s e t t i n g  t h e  d i f ference i n  

t h e  weather va r iab les  equal t o  zero, i.e., as 



where ak, bk are t h e  est imated parameters o f  eq. (1). These est imates Bre 

assumed t o  r e f l e c t  t h e  e f f e c t s  o f  TOU rates. Average changes are est imated 

f o r  t h e  sample by substituting sample means i n t o  eq. (2) ,  i.e., by 

3.2 Empi r ica l  Res~rl t.s 

Two comparative analyses . were completed. The f i  r s t  was the  weather- 

adjusted ana lys is  o f  equat ion ( 1 )  which was est imated f o r  each o f  t h e  th ree  

d a j l y  r a t i n g  per iods and t o t a l  d a i l y  usage f o r  each o f  t h e  s i x  months. The 

second procedure s imply consisted o f  es t imat ing  t h e  d i f f e rences  i n  the  raw 

consumption means o f  t h e  r a t e  s t ruc tu res  being compared. Both analyses lead 

t o  t h e  same basic q u a l j t a t i v e  conclusions t h a t  a re  o u t l i n e d  a t  t h e  beginning 

o f  t h i s  chapter. 

Table 3-1 repor t s  t h e  average weather-adjusted d i f fe rences- - the  e s t i -  

mated values o f  @ o f  eq. (3)--and t h e i r  associated t-values. For example, 

t h e  est imated d i f f e r e n c e  f o r  October between average d a i l y  peak per iod  con- 

sumption i n  1975 and then i n  1976 i s  1.136 KWH, imp ly ing  a dec l i ne  i n  peak 

pe r iod  consumption due t o  t h e  TOU ra tes  even a f t e r  ad jus t i ng  f o r  t h e  f a c t  

t h a t  i n  Phoenix and Yuma t h e  l a t e  summer o f  1976 was s l i g h t l y  coo ler  than 

t h a t  -o f  1975. 

Table 3-2 repor t s  those average d i f f e rences  as percentages o f  average 

t o t a l  consumptjon du r ing  1975 ( repor ted  i n  parentheses) w i t h i n  each o f  t he  

t h r e e  d a i l y  r a t i n g  periods. Thus, t h e  1.136 KWH reduct ion  dur ing  October ' 

1976 represents 16.13 percent o f  t h e  average d a i l y  peak consumption o f  7.04 

KWH dur ing  October 1975. 



Table 3-1. Weather-Adjusted Mean D i f fe rences between Average D a i l y  KWH 
~ o n s u r n ~ t i  on1 (1976 Average M i  nus 1975 Average) 

Month Peak In te rmed ia te  Base To ta l  . 
M ay -0.012 KWH -0.021 -0.115 -0.168 
(n=65)2 (-0.04) (-0.04) (-0.30) (-0.16) 

June -0 806**; -1.247" 0.071 -1.820" 
(n=67) (-2.24) (-1.66) (0.14) (-1.37) 

J u l y  -0.831"* -0.364 0.548 -0.722 
(n=63) (-2.06) (-0.43) (0.80) (-0.44) 

August w l , 4 1 0 ~ k *  -3.068**'" 0.053 -4.617** 
(nl.64) (-3.08) (.zz,gz 1 (U. 68) (-2.15) 

September -0.993*** -0.384 0.725 -0.312 
(n~t j ;G) (-,Z. 39) (-6.36) (0.74) (-0.15) 

October -1.136*** -1.148** 1.048* -0.892 : 

(n=61) (-3.91) (-1.79) (1.64) (-0.73) 

l ~ h e  t - v a l  ues associated w i t h  t h e  average d i f f e r e n c e s  are  repor ted  i n  
parentheses. A l l  s i g n i f i c a n c e  t e s t s  a re  one - ta i l ed  t e s t s  against  a l t e r n a t i v e  
hypotheses t h a t  t h e  d i f f e rences  are negat ive f o r  t h e  peak and in te rmed ia te  
per iods  as w e l l  as t h e  t o t a l  and p o s i t i v e  f o r  t h e  base period. A  s i n g l e  as- 
t e r i s k  (*) denotes s i g n i f i c a n c e  a t  t h e  10 percent l e v e l  ; double a s t e r i s k s  
(**), a t  t h e  f i v e  percent  l e v e l  ; and t r i p l e  a s t e r i s k s  (***), a t  t h e  one per- 
cent  l e v e l .  The t o t a l  number o f  observat ions i s  n. 

2~ few more customers were inc luded i n  es t ima t ing  equat ion (1 )  than i n  
es t ima t ing  t h e  models o f  chapter  4. Th is  happened because households w i t h  
miss ing  demographic i n fo rma t ion  had t o  be de le ted  f rom t h e  ana lys i s  o f  chapter  
4  b u t  cou ld  be r e t a i n e d  i n  t h i s  analys is .  

It appears t h a t  from June t o  October t h e r e  were s i g n i f i c a n t  reduc t ions  i n  

peak p e r i o d  consumption--about 7  t o  16 percent. Reductions i n  in te rmed ia te  

p e r i o d  consumption occurred i n  a l l  months, bu t  they were l e s s  cons is ten t  from 

month t o  month, and genera l l y  smal le r  than t h e  reduct ions  i n  t h e  peak periud. 

I n  t h e  base per iod,  consumption increased i n  t h e  months o f  June through Octo- 

ber, bu t  i n  no instance were these increases. s t a t i s t i c a l l y  s i g n i f i c a n t .  The 

combined e f f e c t  o f  t h e  responses i n  t he  t h r e e  per iods was t h a t  t o t a l  average 

da i  l y  consumption showed cons js ten t ,  bu t  r a t h e r  smal l  decreases. 



Tab1 e 3-2. Weather-Adjusted D i f fe rences between 1976 and 1975 
Average D a i l y  KWH Consumption as a Percent o f  1975 ~ o n s u m ~ t i o n ~  

Month Peak In termedia te  , ' Base To ta l  

M ay -0.32 % -0.18 
(3.86 KWH) (11.76) 

June -10.15** -6.28* 0.67 -4.75* 
(7.94) . (19.87) (10.51) (38.33) 

J u l y  -7.28** -1.28 3.39 -1.29 
(11.42) (28.53) (16.19) (56.14) 

August -10.98*** -9.09*** 0.26 -9.52* 
(12.84) (33.75) (20.87) (67.46) 

September -8 20*** -1.27 4.36 -0.53 
(12.11) (30.18) (16.63 (58.93) 

October -16.13*** -5.59** 9.76 -2.25 I (7.04) (20.53) (10.74) (39.72) 

l ~ v e r a ~ e  d a i l y  KWH consumption du r ing  1975 i s  given i n  parentheses. 
A l l  s i g n i f i c a n c e  t e s t s  are  one- ta i led  t e s t s  against  a l t e r n a t i v e  hypotheses 
t h a t  t h e  d i f f e rences  are  negat ive f o r  t h e  peak and in termedia te  periods as 
w e l l  as t h e  t o t a l  and p o s i t i v e '  f o r  t h e  base period. A s i n g l e  as te r i sk  (*) 
denotes s i g n i f i c a n c e  a t  t h e  10 percent l eve l ;  double a s t e r i s k s  (**), a t  t h e  
f i ve percent 1 evel ; and t r i p l e  a s t e r i s k s  (***) , a t  t h e  one percent 1 evel . 

The f a c t  t h a t  usage pa t te rns  du r ing  May d i d  no t  conform t o  t h e  pat te rns  

I .  se t  by t h e  o the r  months suggests t h a t  t he re  may have been a l e a r n i n g  period. 

Th is  i s  supported by t h e '  f a c t  t h a t  a  customer'.^ monthly b i l l  was accompanied 

. . 
i n  t h e  f i r s t  month by a d e t a i l e d  account o f  how h i s  d iscount  was calculated.  

I Thus, many customers may have " learned" t o  s h i f t  t h e i r  consumption upon re-  

I , '  c e i  v ing  t h e i r  May 1976 e l e c t r i c i t y  ' b i l l .  

The fac t  t h a t  t o t a l  ad jus ted consumption genera l ly  decreased j n  1976, 

combined. w i t h  t h e  f a c t  t h a t  increases , i n  base pe r iod  consumption were not  

s t a t i s t i c a l l y  s i g n i f i c a n t ,  suggests t h a t  w h i l e  customers r a t h e r  un i fo rm ly  

reduced t h e i r  consumption i n  t h e  peak and in termedia te  per iods ( 9  a.m.. t o  



Tab1 e  3-3. Raw Mean Di f ferences between Average Dai l y  KWH consumpt ion1 
(1976 Average Minus 1975 Average) 

Month Peak I ntermediate Base To ta l  

M ay 0.303 KWH 0.256 -0.279 0.280 
(n=65) (1.48) (0.69) (-0.95) (0.37) 

June -0.401* -1.077** -0.273 -1.751** 
a (n=68) (-1.48) (-1.92) (-0.71 ) (-1.79) 

J u l y  -0.664* 0.008 0.867* 0.211 
( ~ 6 3 )  (-1.66) (0.01 ) (1.30) (0.13) 

August -1.343*** -3.564"** -1.136 -6.043*** 
(n=64) (-4.24) (-4.66) (-1.67) (-4.00) 

October -1.416*** -2.159*** 1.169** -2.406** 
(n=61) (-4.86) . (-3.56) ' (2.06) (-2.20) 

l ~ h e  t - v a l  ues associated w i t h  t h e  average d i f f e rences  are  repor ted i n  
parentheses. A1 1  s i g n i f i c a n c e  t e s t s  are one - ta i l ed  t e s t s  against  a1 t e r n a t i v e  
hypotheses t h a t  t h e  d i f f e rences  are negat ive f o r  t h e  peak and in te rmed ia te  
per iods  as w e l l  as t h e  t o t a l  and p o s i t i v e  f o r  t h e  base period. A s i n g l e  as- 
t e r i s k  (*) denotes s i g n i f i c a n c e  a t  t h e  10 percent  l e v e l ;  double a s t e r i s k s  
(**), a t  t h e  f i v e  percent  l e v e l  ; and t r i p l e  a s t e r i s k s  (***), a t  t h e  one per- 
cent  l e v e l .  The t o t a l  number o f  observat ions i s  n. 

10 p.m. ) they d i f f e r e d  i n  t h e  amount o f  consumptian t h a t  they s h i f t . ~ d  t.0 t h e  

base period. C lear ly ,  some customers cou ld  not  s h i f t  t h e  reduct ion  i n  peak 

and in te rmed ia te  consumption t o  t h e  base period. As an example, those cus- 

tomers who reduced t h e i r  a i r  cond i t i on ing  i n  t h e  daytime might no t  have been 

l i k e l y  t o  s h i f t  t h i s  use t o  t h e  nightt ime. 

The raw mean d i f f e rences  and percentage d i f f e rences  (unadjusted f o r  

changes i n  c o o l i n g  degree days) are presented i n  t a b l e s  3-3 and 3-4, which 

a r e  companions t o  t a b l e s  3-1 and 3-2, respect ive ly .  General ly  t h e  r e s u l t s '  

conform t o  t h e  same pa t te rns  ,as repor ted f o r  t h e  weather-adjusted d i f f e r -  

ences. It i s  no tab le  t h a t  t h e  unadjusted mean d i f f e rences  are  most pronounced 



Table 3-4. Raw Di f fe rences between 1976 and 1975 Avera e D a i l y  
KWH Consumption as a Percent o f  1975 Consumption 9 

Month Peak Intermediate Base Tota l  

May . 7.-9 % 2.2 -3.1 1.1 
(3.86 KWH) (11.76) (9.07) (24.69) 

June ' -5.1* -5.4** 2.6 4.6** 
(7.95) (19.91) (10.53) (38.39) 

J u l y  -5.8* 0.03 5.4* 0.4 
(11.42) (28.53) (16.05) (56.00) 

August -11.8*** 
(12.84). 

October -16.7*** -10.5*** 10.9** -6.1** 
. . (8.45) (20.53) . (10.74) (39.7) 

l ~ v e r a ~ e  d a i l y  KWH consumption i s  given i n  parentheses. A1 1 s i g n i f i -  
cance t e s t s  .a re  one-tai  l e d  t e s t s  against a l t e r n a t i v e  hypotheses t h a t  t h e  
d i f f e rences  are negat ive f o r  t h e  peak and in termedia te  per iods as we l l  as 
t h e  t o t a l  and p o s i t i v e  f o r  t h e  base period. A s i n g l e  a s t e r i s k  (*) denotes 
s i g n i f i c a n c e  a t  t h e  10 percent l e v e l  ; double a s t e r i s k s  (**), a t  t h e  fdve 
percent l e v e l  ; and t r i p l e  a s t e r i s k s  (***), a t  t h e  one percent l eve l .  

I i n  t h e  l a t e r  months. This may be p a r t i a l l y  expla ined by t h e  f a c t  t h a t  i t  

was s l i g h t l y  coo ler  du r ing  these months i n  1976 than i t  was i n  1975. On t h e  

I o t h e r '  hand, t h e  e a r l i e r  months i n  1976 were s l i g h t l y  warmer than those i n  

To summarize t h e  comparative analys is ,  t h e  r e s u l t s  r a t h e r  conv inc ing ly  

I show that ,  as a group, t h e  customers i n  Group I reduced thedr  e l e c t r i c i t y  

I consumption du r ing  t h e  peak and intermediate r a t i n g  per iods when they went 

from conventional d e c l i n i n g  b lock ra tes  t o  TOU rates. To a l esse r  degree 

t h e r e  was evidence t h a t  some o f  t h i s  e l e c t r i c i t y  consumption was s h i f t e d  t o  

1 t h e  base pe r iod  and t h a t  t he  o v e r a l l  average o f  d a i l y  r e s i d e n t i a l  e l e c t r i -  

c i t y  consumption was reduced s l i g h t l y .  
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CHAPTER 4: DEMAND ANALYSIS 

The ana lys is  repor ted  i n  t h i s  chapter attempts t o  d i sce rn  t h e  respon- 

siveness o f  res ident i .a l  customers t o  v a r i a t i o n s  i n  t h e  marginal p r i c e  o f  

e l e c t r i c i t y  w i t h i n  each o f  t h e  t h r e e  d a i l y  r a t i n g  per iods f o r  each o f  t h e  

th ree  r a t e  groups (see chapter 2). The presenta t ion  f o l  lows very c l o s e l y  

t h e  basic modeling and a n a l y t i c a l  approach t h a t  was out1 ined i n  t h e  AMP 

(RTI', 1978, esp. pp. 72-75). Another exp lora tory  ana lys is  which used a  more 

r e s t r i c t i v e  model i n y  approach i s  repor ted  separate ly  i n  Appendix D, s ince 

t h e  r e s u l t s  o f  t h a t  ana lys is  are  somewhat questionable. 

The o v e r a l l  f i n d i n g s  repor ted  i n  t h i s  chapter  a re  pess im is t i c  about t h e  

e f f e c t s  o f  v a r i a t i o n s  i n  marginal TOU p r i c e s  as def ined i n  t h e  Arizona 

study. S p e c i f i c a l  ly, even though t h e  esti'mated regression models general l y  

expla ined a  subs tan t ia l  amount (usua l l y  more than 60 percent)  o f  t he  v a r i -  

a t i o n  i n  t ime-of-use KWH usage ainong customers i n  t h e  experiment, v i r t u a l l y  

a1 1  o f  t h a t  explanatory power was a t t r i b u t a b l e  t o  associated v a r i a t i o n s  i n  

i ncome and demographic cha rac te r i s t i cs .  Almost uniformly, d i f f e rences  i n  

v a r i a b l e  KWH p r i c e s  f a i l e d  t o  account i n  any s i g n i f i c a n t  w a y  f o r  d i f f e rences  
. . 

i n  TOU e l e c t r i c i t y  consumption. These r e s u l t s  cou ld  have been caused by t h e  

numerous design comprorr~ises t h a t  were inherent  i n  t h e  Arizona study. Among 

them were both t h e  r e l a t i v e l y  small sample s izes  (which would have prevented 

us .from de tec t i ng  small  p r i c e  e f f e c t s  even i f  they were present)  and t o  t h e  

confusing nature  o f  t h e  maryi nal TOU p r i c e s  themsel ves. 

The es t imat ion  models used i n  t h i s  ana lys is  are  def ined i n  sec t i on  4.1. 

s e c t i o n  4.2 sununarizes t h e  empi r ica l  resu l t s .  

4.1 Est imat ion  Model 

The a1 t e r n a t i  ve es t ima t ion  models t h a t  were developed and app l ied  i n  

t h e  demand ana lys is  are  roo ted i n  t h e  theory  o f  consumer demand. The theory  



assumes t h a t  individuals purchase goods and services,in quantities t h a t  max- 

imize their perceived standard of 1 iving, b u t  t h a t  their decision making is 

constrained by the amount of money (income) t h a t  i s  available t o  them. This 

fundamental assumption impl ies a simple mathematical problem of constrained 

maximization. In other words, by knowing the prices of goods and services 

and by knowing an individual's income and preferences, "optimum" demands for 

goods and services can theoretical ly be determined. These opt  imurr~ quant i- 

t i e s  are often referred t o  in mathematical terms as the solutions t o  the 

f i rst order condl t 1 ons. 

Unless one i s  willing either t o  spccify the mathematical form of the 

representati ve i ndi vidual '.s "preference function" or t o  accept in advance 

certain restrictions on t h a t  function,* economic theory impl ies nothing 

about the specific functional form of any statistical model used t o  estimate 

the demand relationships t h a t  are represented by the f i r s t  order conditions. 

Rather, econornic theory only impl ies t h a t  the optimum quantities are deter- 

mi ned by i ncome, prices, and other i ndependent variables t h a t  i nf 1 uenc,e i n- 

di vidual preferences--e. g., number of children, etc. One approach of 

applied demand analysis i s  t o  estimate a truncated general Taylor's series 

expansion of 'these general demand functions inipl ied by economic theory. I t  

i s  this approach which we have chosen t o  follow in this chapter as was 

earlier recommended in our Analytical Master Plan (KTI, 1978). This 

approach i s  followed because, while i t  also incorporates assumptions, the 

resulting models are generally more straiyhtforward and, therefore, perhaps 

*For example, a common restriction i s  t h a t  the quantities of specific 
goods and services consumed will n o t  change when all  their prices double a t  
the same time t h a t  the individual% income doubles. 



more apprbpr ia te  f o r  an i n i t i a l  ana lys is  such as th is .?  Appendix D repo r t s  

one o f  many poss ib le  a l t e r n a t i v e  analyses t h a t  accept i n  advance some o f  t h e  

r e s t r i c t i o n s  r e f e r r e d  t o  above. 

I n  t h i s  p a r t i c u l a r  a p p i i c a t i o n  t h e  "optimum" q u a n t i t i e s  whose v a r i a t i o n  

among households we w i l l  at tempt t o  exp la in  are  t h e  amounts o f  e l e c t r i c i t y  

consumed dur ing  t h e  peak, h te rmed ia te ,  and base periods. Four a l t e r n a t i v e  

empi ri c a l  model s  were considered as d i  r e c t  approximat ions  o f  these t i  me-of - 
day e l e c t r i c i t y  demand funct ions.  I n  these models v a r i a t i o n s  i n  time-of-day 

e l e c t r i c i t y  demand are  hypothesized t o  be . func t i ons  o f  v a r i a t i o n s  i n  p r i c e s  

.and, several demoyraphic var iab les  t h a t  take i n t o  account t h e  e f f e c t  o f  ag- 

gregat ion over i nd i v idua ls .  The f o u r  models a r i s e  f rom' two d i f f e r e n t  ways 

o f  i nco rpo ra t i ng  TOU p r i c e s  (second-order and f i rs t -o rde r )  and two d i f f e r e n t  

ways o f  i ncorporat i ng v a r i a t i o n s  .i n  demographic v a r i  abl  es (an expl i c i  t set  

o f  demographic var iab les  and 1975 usage alone as a  portmanteau v a r i a b l e  t h a t  

accounts f o r  t a s t e  and h a b i t  d i f fe rences among households). The f i n a l  

models are  a l l  s t a t e d  as double l oga r i t hm ic   function^.^ The models are: 

k  k  k k  k ' k  
MODELA: y = a  + U  + V  + W  + e  

t 

k ,  k  k  k  k k  k 
MODEL B: 

yt 
= a  + U  + V  + f y  + e  

t-1 

k k k k k  
MODEL C: 

yt 
= a  + U  + W  + e  

k  k  k  k k  k  
MODEL D: y = a  + U + f y + e  

t t-1 

*The A n a l y t i c a l  Master Plan (chapter 2 and t h e  addendum, RTI , 1978) 
conta i  ns a  de ta i  1  ed development o f  t h i s  model i ng ra t i ona le .  

t ~ i  near, semi log, .and o the r  s p e c i f i c a t i o n s  were a1 so e s t i ~ r ~ a t e d  and 
evaluated. General ly t h e  double l oga r i t hm ic  models were as good as o r  su- 
p e r i o r  t o  t h e  others. Also, share models were est imated and found t o  gener- 
a t e  r e s u l t s  s i m i l a r  t o  those o f  t h e  repor ted  models. 



. f o r  k=1,2,3 which r e f e r  t o  t h e  peak, in termediate,  and base ra-  
t i  ng periods, respec t i  vely, and t=1976. 

k  
where y = l o g  of average d a i l y  KWH consumed i n  t h e  k t h  r a t i n g  pe r iod  

t du r ing  t h e  b i l l  i n g  month(s) o f  i n t e r e s t  d u r i n g  year  t, 

k  3 k  
U = 1 b .  l n p  = f i r s t  order  p r i c e  terms, 

i = l  1 i . 

= marginal p r i c e  pe r  KWH i n  r a t i n g  pe r iod  i, t h a t  i s ,  t h e  peak, 
Pi in termediate,  o r  base p r i c e  per  KWH, 

k  , 3 , 3  k 
V = Z 1 c  1  np .l np = second-order p r i c e  terms, 

i = l  .j=a i j J 
j>i - 

1: 10 k 
W = Z d ,  z = terms associated w i t h  non-price independent v a r i -  

j=l J 3 ables, 
j *5 

z = househol d-speci f  i c i ndependent v a r i  abl  es def ined i n  tab1 e  4-1 
j (see ~k  above), 

k k k  k k  
a  ,be ,c ,d . ,f = regress i  or1 c o e f f  i c l  ents, and 

i i j  J 

k  
e = e r r o r  term. 

As an example, model A can be w r i t t e n  i n  f u l l  (w i thout  t h e  k  super- 

s c r i p t s )  as: 

+ d l  (NOHOME) + d2 (YUMA) + ds(LN0HHMEM) t d4(LWATT) 

Actual  regression est imates are  given i n  Appendix C. A l l  var iab les  are 

def ined i n  t a b l e  4-1. 



Table  4-1. Oefi n i t i o n s  of Var iab les  

Var iab le  D e f i n i t i o n  . 

Non-pri c e  I  ndepen- 
dent  Variables* 

(NOHOME) 1, i f  there were more household rnernbers t han  working 
m e ~ ~ ~ b e r s ,  

0, otherwise.  

22 (YI.IMA) 1, i f  the household was 1 oca ted  i n  Yuma, 
0,  otherwise.  

23 (LNOHHMEM) na tu ra l  logar i thm of the number of household members. 

24 (LWATT) na tu ra l  logar i thm of t h e  sum of the wattage r a t i n g s  of 
household app l i ances  o t h e r  t han  a i r  condi t ioners .  

25 (AC) a i r  condi t ioned  s q u a r e ' f o o t a g e ,  e s t ima ted  a s  the square  
square  foo t age  of  the home, i f  i t  had c e n t r a l  a i r  con- 
d i t i o n i n g ;  and a s  one p lus  the r epo r t ed  number of room 
a i r  c o n d i t i o n e r s  ( t o  account f o r  the f a c t  t h a t  a t  l e a s t  
one room a i r  cond i t i one r  i n  a home i s  o f t e n  Targer)  
t imes  t h e  average square  f o o t a g e  p e r  room i n  t h e  house, 
i f  i t  had a t  l e a s t  one room a i r  cond i t i one r ;  o therwise ,  
zero.  

z6 (LINCOME) 

z7 (KIDS) 

na tu ra l  1 ogar i  t h m  of r epo r t ed  gross  fami ly  i ncome. 

1, i f  a t  l e a s t  o n e . r e s i d e n t  i n  t h e  household was less 
than  s i x  y e a r s  o ld ,  

0 ,  otherwise.  

z8 (LKWH6) na tu ra l  logar i thm of t h e .  p ropor t ion  of d a y s  i n  :each 
household's bi 11 i ng month accounted f o r  by weekends 
and hol i days. 

zg ( L C D D ~ )  cool ing  requirements ,  measured a s  the product of t h e  
logar i thm of average d a i l y  cool i ng  degree days i n  each 
customer 's  b i l l i n g  month and the logar i thm of a i r  con- 
d i t i o n e d  square  foo tage ,  i.e., of zcj. 

z10 (LAGEHM) na tu ra l  logar i thm of the age of each customer 's  home. 

*The S t a t i s t i c a l  Analys i s  System (SAS) acronyms a r e  given i n  paren- 
theses. 



Tab1 e  4-1. (Cont i nued) 

Var iab le  D e f i n i t i o n  

P r i c e  Var iables 

LPPA 

L PMA 

LPBA 

LPP2 

LPM2 

LPB2 

LPPPM 

LPPPB 

LPMPB 

l n p l  , na tu ra l  l oga r i t hm o f  peak pr ice .  

1  np2, na tu ra l  lngar i thn i  o f  in termcd i i j te  pr ice.  

lnp3, na tu ra l  l oga r i t hm o f  base pr ice .  

1 rip1 squared. 

I np2 squared. 

I np3 squared. 

l n p l  t imes lnpz. 

l n p l  t imes lnp3. 

1np2 t imes lnp3. 

Consumption Var iab les  

LKWHPEAK, na tu ra l  l oga r i t hm o f  t h e  average d a i l j  KWH consumption 
LKWHINTR, f o r  t h e  1976 ( t e s t  year )  b i l l  i n g  month d u r i  ny the peak, 
LKWHBASE ,i t~ ler .~r~ediate,  and base r a t i n g  periods, respect ive ly .  

LKWHPK5, na tu ra l  l oga r i t hm o f  t h e  est imated average d a i l y  KWH 
LKWHIN5, consumption f o r  t h e  1975 (base1 i n e  year )  b i  11 i ny month 
LKWHBS5 du r ing  t h e  hours o f  t h e  day assigned t o  t h e  peak, i n -  

termediate, and base r a t i n g  per iods i n  t h e  f o l  lowing 
( t e s t )  year. 



The r a t i o n a l e  f o r  models B and D i s  q u i t e  simple. Consumption o f  

I , ,  

e l e c t r i c i t y  dur ing  1975, as much as dur ing  1976, can be regarded as a 

I f u n c t i o n  o f  a number o f  f i x e d  tastes,  habi ts ,  and requirements i n  i n d i v i -  

dual households. Thus Yt,l can be regarded as a portmanteau va r iab le  t h a t  

I represents the. co l  1 e c t i  ve i n t e r a c t i  ve e f f e c t s  of a1 1 those f a c t o r s  and 

I thereby c o n s t i t u t e s  a reasonable s u b s t i t u t e  f o r  t h e  ~k terms i n  models A 

and C. Correspondinyly, a "deinoyraphic e f f e c t s "  model, c a l l  i t  model X, 

1 can be p a i r e d  w i t h  models B and D and be est imated as 

k k k  
MODEL X: y = a + W + e 

t-1 

The income e l a s t i c i t i e s  o f  demand by time-of-use a re  d i r e c t l y  e s t i -  
k 

- inated as t h e  c o e f f i c i e n t s  d i n  models A and C. I n  models B and D they 
k k  

are  est imated as t h e  product  f d where t h e  l a t t e r  c o e f f i c i e n t  i s  estima- 
6 

t e d  i n  model X. 

I n  models C and D t h e  est imates o f  own- and cross-pr ice  e l a s t i c i t i e s  

o f  e l e c t r i c i t y  demand are t h e  d i r e c t  est imates o f  t h e  b c o e f f i c i e n t s ,  

i.e., where n i s  t h e  e l a s t i c i t y  o f  demand f o r  e l e c t r i c i t y  i n  t h e  k t h  
k i - 

k 
p e r i o d  w i t h  respect t o  p r i c e  i n  t h e  i t h  - period, n = b.  i n  models C and 

k i 1 

D. Consequently t h e  variances o f  t h e  e l a s t i c i t i e s  are  a l s o  d i r e c t l y  e s t i -  

mated. I n  models A and B t h e  s i t u a t i o n  i s  a l i t t l e  more complicated. 

- - alnql Fo r  example, n,, -, = b, + 2clllnp, + c12 1 np2 ' + c13 1 np3 which when 

I I ,  

evaluated a t  t h e  sample mean i s ,  



Therefore t h e  est imated e l a s t i c i t i e s  a t  t h e  sample means are  l i n e a r  combina- 

t i ons .  S p e c i f i c a l l y ,  suppressing t h e  k superscr ip ts  and d e f i n i n g  

peak pe r iod  e l a s t i c i t i e s ,  N = (nll n12 n13)', e.g., a re  est imated as 

S i m i l a r  l i n e a r  combinations apply f o r  t h e  in termedia te  and base p e r i o d  e las-  

t i c i t i e s .  O f  course, S t  a1 so fo l l ows  t h a t  t h e  variance-covariance ~ i i a t r i x  . 

associated w i t h  N i s  t h e  non-nul l  3 x  3 i r ~ a t r i x  

where t h e  s c a l a r  sZ i s  t h e  est imated variance froin t h e  regression and A* i s  

'A augmented by an appropr ia te  number o f  nu1 1  column vectors t o  achieve d i -  

mensional c o m p a t i b i l i t y  w i t h  t h e  f u l l  design m a t r i x  X ' .  

Since t h e  demand f o r  any good i s  normally expected t o  f a l l  when i t s  

p r i c e  r i s e s  we would expect a l l  t h ree  own-price e l a s t i c i t i e s  t o  be negative, 

i.e., t h a t  n  ,n and n  < 0. ~ x p e c t a t i o n s  about cross e l a s t i c i t i e s  are  
11 22' 33 

l e s s  obvious. I f  e l e c t r i c i t y  consumed dur ing t h e  peak p e r i o d  i s  a  subs t i -  

t u t e  f o r  t h a t  consumed du r ing  t h e  intermediate and base periods, then t h e  



I an' increase i n  t h e  peak pe r iod  p r i c e s  w i  11 increase'  e l e c t r i c i t y  ' consumpti on 

I dur ing  t h e  base period. (A simple example o f  s u b s t i t u t e s  would be tenn is  

shoes and running shoes.) However, i t  i s  conceivable t h a t  t h e  q u a n t i t i e s  o f  

e l e c t r i c i t y  consumed du r ing  two adjacent t ime per iods  are complements, i.e., 

t h a t  an increase i n  t h e  p r i c e  o f  one w i l l  reduce t h e  demand f o r  both because 
I 

they are normal l y  consumed together. (An extrerne example o f  co~npl ements 

would be r i g h t  and l e f t  shoes.) Th is  would, o f  course, imply negat ive 

I1 c ross-pr ice  e l a s t i c i t i e s .  'Unfor tunate ly ,  though, i t  i s  very d i f f i c u l t  t o  

p r e d i c t  t h e  cond i t ions  under -which complementarity w i l l  be observed. Over- 

a l l ,  i t  would seem somewhat more l i k e l y  t h a t  q u a n t i t i e s  of e l e c t r i c i t y  con- 

sumed dur ing  d i s t i n c t  d a i l y  r a t i n g  per iods are  s u b s t i t u t e s  and correspond- 

i ngly  t h a t  t h e  cross-el a s t i c i t i e s  are pos i t i ve .  This p r e d i c t i o n  i s  mainly 

based on t h e  n o t i o n  t h a t  r e s i d e n t i a l  e l e c t r i c i t y  consumers do have sorne 

f l  ex-i b'i 1  i t y  t o  de fe r  e l  ectr ' ic i  l;y consuiliption. 

4.2 Empi r ica l  Resul ts  , 

The regression models o f  eq. (3) were a l l  est imated w i t h  average d a i l y  

e l e c t r i c i t y  consumption data f rom t h e  appropr ia te  experimental groups i n  t h e  

I .  Arizona stucly. Since t h e  popu la t ion  o f  in ference f o r  Yuma and Phoenix were 

def ined by d i f f e r e n t ,  but unquant i f  i abl  e c h a r a c t e r i s t i c s  (see footnote,  

I t a b l e  2 1 )  it was decided t h a t  weighted techniques would be o f  l i t t l e  

value. Instead, an i n d i c a t o r  v a r i a b l e  was used t o  account f o r  t he  d i f f e r -  

ence between t h e  sanipling ra tes  i n  t h e  two c i t i e s . *  

*It can be argued t h a t  weight ing should have been app l i ed  t o  ad jus t  f o r  
t h e  f a i r l y  l a r g e  number o f  excluded o l d e r  homes w i t h  incompat ib le w i r i n g  i n  
t h e  o r i g i n a l  Arizona sample. However, t h i s  would be v a l i d  on ly  i f  those 
o l d e r  homes w i t h  compati b l e  w i r i n g  were s i m i l a r  i n  e l e c t r i c i t y  consumption 
c h a r a c t e r i s t i c s  t o  those w i  thout--a1 so an arguable presumption. 



A1 1 four of the  regressions of the models given by eq. (3)  were e s t i -  

mated f o r  Group I customers. Only models 'C and D were estimated fo r  Groups 

I1 and I11 customers because o-nly s i x  unique rates  were applied t o  each of 

I those groups; t h i s  means that  the second-order models A and B are not e s t i -  

mable f o r  those groups (see RTI, 1978, chapter 2). A1 1 models were estima- 

ted usiny daily averages f o r  each of the s i x  t e s t  months and f,or the aggre- 

gate of the three peak summer months, July through September. 

The regressions were general ly highly s i  gnif i cant with R~ general ly 

greater than .b. However, t h e  estimates reflected .virtuai ly  no ef fec ts  

a t t r ibutable  t o  variations in the - marginal -- .- TOD e l ec t r i c i ty  prices. Intui-  

I t 5 vely t h i s  rileans tha t  differences i n i nconie and demographic characteri s-: 

t i c s  amony households were a1 one quite successful in expl ai ni n y  variations 

I i n e l ec t r i c i ty  usage amony households within each daily r a t i  n y  period.* 

Further, i t  means tha t  differences in the maryinal KWH prices arnony house- 

holds added v i r tua l ly  nothing t o  the explanation of these inter-household 

! variations in e l ec t r i c i ty  consuniption. 

1 Table 4-2 gives the resul ts  of Chow t e s t s  (Chow, 1960) o f  hypotheses 

tha t  s e t s  of price coefficients are simultaneously equal t o  zero for  Group 

I f o r  models A, B ,  C ,  and D (i.e., tha t  differences in the marginal KWH 

prices do not he1 p explain variation in KWH usage among households). 

Similar t e s t s  are reported f o r  Groups I1 and I11 f o r  models C and D in 

t ab le  4-3. The t e s t s  denoted as t e s t  type 2 report the probabi1iti .e~ of 

larger  values of the F-s ta t i s t ics  associated with the res t r ic t ion  that  a l l  

t he  second-order price coefficients of eq. (3) are simultaneously zero, 

i.e., t ha t  ~k = 0. 

*The most important demoyraphic variables were those derived from the 
household appliance stock, the number of household members, and the a i r -  
conditioned square footage. 



Table 4-2. Tests f o r  t h e  Nonsi yn i f i cance  o f  Marginal E l e c t r i c i t y .  
P r i c e  E f fec ts :  Group I Tests* ( P r o b a b i l i t i e s  o f  Larger  F Values) 

Test lvlonth 
Model Regression Type* - May June J u l y  Auy. Sept. Oct. Jul-Sep 

Group I 

*The exact s p e c i f i c a t i o n s  o f  t h e  models are g iven i n  eq. (3). . The symbols 
P, I, and B denote equations t h a t  apply t o  t h e  peak, in termediate,  and base p e r i -  
ods, respec t i  vely. 

Test  type 2 t e s t s  t h e  v a l i d i t y  o f  t h e  r e s t r i c t i o n  t h a t  a l l  t h e  second-order 
p r i c e  c o e f f i c i e n t s  o f  (3) a re  simultaneously zero; t e s t  t ype  1 t e s t s  t h e  r e s t r i c -  
t i o n  t h a t  both t h e  f i r s t -  and second-order p r i c e  c o e f f i c i e r i t s  are s i~nu l taneous ly  
zero. A h igh  p r o b a b i l i t y  (numbers c lose  t o  1.000) i nd i ca tes  i n a b i l i t y  t o  r e j e c t  
t h e  r e s t r i c t i o n s .  S ign i f i cance  a t  t h e  10, 5, and 1 percent l e v e l s  i s  denoted by 
t h e  symbols *, **, and ***, respect ive ly .  



Table 4-3. Tests f o r  t h e  Nonsiyni f icance o f  Marginal E l e c t r i c i t y  
P r i c e  E f fec ts :  Group I 1  and I 1  I Tests* ( P r o b a b i l i t i e s  of Larger  F Values) 

Test Month 
Model Regression Type* May June J u l y  Aug. Sept. Oct. Jul-Sep 

Group I 1  I 

Group I 1 1  

*The exact s p e c i f i c a t i o n s  o f  t h e  riiodel s are g iven i n  eq. (3). The symbols 
P, I, and 6 denote equations t h a t  apply t o  t h e  peak, in termediate,  and base p e r i -  
ods, respect ive ly .  

Test  type 2 t e s t s  t h e  v a l i d i t y  o f  t h e  r e s t r i c t i o n  t h a t  a l l  t h e  second-order 
p r i c e  c o e f f i c i e n t s  o f  (3 )  a re  simultaneously zero; t e s t  type 1 t e s t s  t h e  r e s t r i c -  
t i o n  t h a t  both t h e  f i r s t -  and second-order p r i c e  c o e f f i c i e n t s  are simultaneously 
zeru. A h i g h  p r o b a b i l i t y  (numbers c lose t o  1.000) i nd i ca tes  i n a b i l i t y  t o  r e j e c t  
t h e  r e s t r i c t i o n s .  S ign i f i cance  a t  t h e  10, 5, and 1 percent l e v e l s  i s  denoted by 
t h e  symbols *, **, and ***, respect ive ly .  



Those denoted as t e s t  type 1 report those probabili t ies associated with the 

res t r ic t ion  that  both the f i r s t -  and second-order price coefficients are s i -  

multaneously zero, i .e., t ha t  uk  = vk  = 0. 

I t  i s  quite apparent from tables 4-2 and 4-3 tha t  the hypothesis of non- 

significant overall price e f fec ts  cannot be rejected i n  virtual ly a1 1 reyres- 

sions. The obvious conclusion is that  the response surface i s  generally 

"flat1' ,  i.e., unresponsive t o  marginal KWH price variation i n  the daily ra- 

t ing  periods. However, these resul ts  do not imply the absence of TOU ra te  

effects  as was clearly shown in the analysis of chapter 3. 
. . 

The resul ts  of the analyses of t h i s  chapter and chapter 3 can be com- 

bined'to suggest the following policy implication: a s h i f t .  from declining 

block t o  TOU rates  wi 11 lead t o  ' reductions in peak and interr~~ediate  consump- 

t ion ,  b u t  variations of the marginal prices within a rating period will have 

1 i t t l e  e f fec t  on KWH consumption in that  period. I t  must be kept in niind 

tha t  these imp1 ications are s t r i c t l y  val id only in predicti n y   customer?^ re- 

sponses to  a TOU pricing scheme l ike  tha t  used in t h i s  demonstration. The 

conclusions do not necessarily apply t o  a different ly conceived TOU rating 

plan, say, one in which a participation incentive was not bui l t  into the 

rates. 

I t  should be noted ' that the nonsi gnificance of the price variables could 

be accounted f o r  i n  part  by the extremely small sample s izes  which vary (see 

tab le  2-3), depending on the part icular  month, from 55 t o  63 f o r  Group I ,  

from 18 t o  23 f o r  Group 11, and from 25 t o  27 f o r  Group 111. 

Since the price e f fec ts  i n  a l l  the demand models of eq. ( 3 )  are gener- 

a l ly  nonsignificant, only model A price and income el  a s t i c i t i e s  are  presented 

. f o r  Group I in table  4-4 and only model C e l a s t i c i t i e s  are  presented fo r  

Groups I1 and I1 I i n  tables 4-5 and 4-6, respectively. The row and column 



Table 4-4. Price and income* '~ las t ic i t ies :  Model A, Group 1.l 

May (df=43) 
P I B Y 

July (df=41) 
P I B Y 

June (df=46) 
P I B Y 

August (df=42) 
P I B Y 

September (df =44) October (df=39) 
P I B Y P I B Y 

Agyregate, J uly-September (df=36) 
P I B Y 

1 ~ h e . e x a c t  specification of the ,model i s  given in equation (3). The to ta l  
number of observations (n) fo r  each regression i s  given in table  2-3. The 
symbols P ,  I ,  B ,  and Y denote peak, intermediate, and base periods and income, 
respectively. The parenthesized numbers are t - s t a t i s t i c s  and (two-tai 1 ed) s i  g- 
nificance t e s t s  a t  the 10, 5, and 1 percent leve'ls are  denoted by *, **, and *** 
symbols, respect i vely. 

Tables C-1  through C-3 provide analogous resul ts  f o r  models B,  C ,  and D 
applied t o  Group I .  



Table 4-5. P r i c e  and Income E l a s t i c i t i e s :  Model C, Group 11.l 

May (df=7) June (df=7) 
P I B Y P I B Y 

P 1.39 1.42 -1.12 .057 P -794 1.301 -0931 -0043 
(0.81) (0.81) (-0.74) (0.26) (0.51) (0.63) (-0.62) (-0.13) 

I .494 -267 -0095 -.020 I 1.372 2.684 -1.800 .010 
(0.25) (0.13) (-0.05) (-0.08) (0.83) (1.23) ( - 1 1 3 )  (-0.02) . c 

B 1.186 1.485 -1.071 -el69 B 2.178 3.553 -2.715 -.050 
(0.46) (0.56) (-0.46) (-0.51) (1.11) (1.36) (-1.43) (-0.12) 

J u l y  (df=8) August (df=8) 
P I B Y P I B Y 

I September (df=6) October (df=lO) 
P I B Y P I B Y 

Agyreyate, July-September (df=5) 
P I B Y 

l ~ h e  exact s p e c i f i c a t i o n  o f  t h e  model i s  given i n  equation (3). The t o t a l  
number o f  observat ions (n) f o r  each regression i s  given i n  t a b l e  2-3. The 
symbols P, I, B, and Y denote peak, intermediate, and base per iods and income, 
respect ive ly .  The parenthesized numbers are t - s t a t i s t i c s  and ( two-ta i  l e d )  s ig -  
n i f i c a n c e  t e s t s  a t  t h e  10, 5, and 1 percent l e v e l s  are  denoted by *, **, and *** 
symbols, respect i vely. 



Table 4-6. ~ r i c e  and Income Elas t ic i t ies :  Model C ,  Group 111 .l 

May (df=12) June (df=14) 
P I B Y P I B Y 

July (dfal4) 
P I B Y 0 Y 

--- 

September (df=14) October (df=12) 
P I B Y P I B Y 

Aggregate, July-September (df=14) 
P I B Y 

l ~ h e  exact specification of the model i s  given in equation ( 3 ) .  The total  
number of observations (n) for  each regression i s  given in table  2-3. The 
symbols P,' I ,  B, and Y denote peak, intermediate, and base periods and income, 
respectively. The parenthesized numbers are  t - s t a t i s t i c s  and (two-tai led)  s i  y- 
nificance t e s t s  a t  the 10, 5, and 1 percent levels are denoted by *, **, and *** 
symbol s , respect i vely. 



headings indicate which e l a s t i c i t i e s  are  involved. T h u s ,  an estimate i n  a 

row headed by P and column headed by I i s  a cross-el a s t i c i ty  of demand f o r  

e l ec t r i c i ty  during the peak period with respect t o  a change in the marginal 

price,during the intermediate period. Similarly B and Y denote the base 

period and income, respectively. For example, in the aggregate regression 

of table  4-4 the estimate -.I91 in the row headed by a B and the column 

headed by a B i s  the estimated own-price e l a s t i c i ty  of dernand for  

e l ec t r i c i ty  during the base period; similarly,  the estimate .812 in the row 

headed by a B and the column headed by a P i s  the estimated cross-elast ic i ty  

of demand f o r  e l ec t r i c i ty  during the base period w i t h  respect t o  the peak 

period price. These tables  also report the number of degrees of freedom: 

i nvol ved fo r  each regression; t - s t a t i s t i c s  a re  reported in parentheses be1 ow 

the estimated coefficients.  

The presence of positive own-price e l a s t i c i ty  estimates in the tables 

i s  contrary t o  economic theory. In nearly a l l  cases, however, the  estimates 

are  not s ignif icant ly different from zero, as evidenced by the small 

associated t - rat ios .  Therefore, these unexpected estimates cannot be 

interpreted as a refutation of the theory. 

Appendix tables C-1 through C-3 correspond to  tab le  4-4 f o r  models B ,  

C ,  and D ,  respectively; and tables C-4 and C-5 correspond to  tables  4-5 and 

4-6 f o r  model D. Basically the results presented there are  not substan- 

t ive ly  different from those reported in tables 4-4 through 4-6. Appendix C 

also contains a detailed reporting of a l l  the regressions based on the 

aggregate (July-September) data fo r  a l l  models estimated i n  each of the 

three groups. Those regressions were chosen for  presentation because they 

are  quite representative of individual monthly regressions. The interested 

reader i s  also referred to  those regressions as ,a source of the estimated 



e f f e c t s  o f  t h e  demographic var iab les  on e l e c t r i c i t y  consumption dur ing  each 

r a t  i ng period. 

I n  summary t h e  demand ana lys is  l e d  t o  t h e  conclus ion t h a t  d i f f e rences  

i n  t h e  marginal KWH p r i c e s  (i.e., t h e  peak, intermediate, and base p r i c e s )  

w i t h i n  t h e  d a i l y  r a t i n g  per iods defined i n  t h e  Arizona study caused no s ig -  

n i f i c a n t  d i f f e rences  i n  KWH consumption dur ing  those per iods among house- 

ho lds  t h a t  p a r t i c i p a t e d  i n  t h e  experiment. However, t h i s  f i n d i n g  should not  

obscure t h e  f i n d i n g  repor ted  i n  chapter 3 t h a t  any one o f  t h e  TOU rates is 

l i k e l y  t o  cause s h i f t s  i n  e l e c t r i c i t y  consumption among those d a i l y  r a t i n g  

per iods  compared t o  t h e  consumption pat te rns  observed under conventional 

decl  i n i n g  b lock rates.  I n t u i t i v e l y ,  t h e  r e s u l t s  o f  t h i s  chapter suggest 

tha t ,  once t h e  d a i l y  r a t i n g  per iods are establ ished, t h e  time-of-use elec- 

t r i c i t y  consumption s h i f t s  t h a t  would accompany changes i n  marginal KWH 

p r i c e s  would be small o r  non-existent. However, t h i s  in ference i s  tempered 

by t h e  complex i t ies  o f  t h e  marginal p r i c e  d e f i n i t i o n s  i n  t h e  Arizona study 

and by t h e  f a c t  o f  small sample s izes  which impaired our e f f o r t s  t o  d iscern  

p r i c e  e f fec ts .  
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APPENDIX A: DETAILED LISTING OF EXCLUSIONS FROM THE SAMPLE 

Table A-1 l i s t s  all Group I ,  11, and 111 customers in the Arizona 

study and indicates whether they were deleted from the regression analy- 

ses, and, if so, those months during which they were deleted. The reader 

can refer back t o  table 1-2 for a detailed description of the rate each 

customer faced. 

Under the heading "deleted'. are. seven columns entitled May,. . . ,Jul- 

Sep. These represent the seven time periods for which the analyses were 

performed. A do t  (. ) in. one of the seven columns indicates t h a t  the cor- 

responding customer was deleted from the elasticity estimation analysis 

for t h a t  time period. The reasons for deletions are indicated in one or 

more of the preceding columns. 'If the reason for a deletion was "no demo 

f i l e N  or "income not reported" then the customer was not deleted in the 

analysis of load shifting behavior of chapter 3. 



Table A-1. Ar izona Sample Ed i t ;  

Zero t o  No Income Change De le ted  (.) 
Customer near  zero  demc. Zero ' n o t  i n home J u l -  

I d e n t i f i e r *  Rate usage** f i l e  d iscount**  repor ted  owner*** O ~ h e r  Mcy Jun J u l  Aug Sep Oct Sep 

Group I: 

1. 16 
2. 5 
3. 8 
4. 11 
5. 5 
6. 7 
7. 15 
8. 13 
9. 4 

10. 1 
11. 8 
12. 10 
13. 3 

? 
N. 

14. 12 
15. 6 
16. B 4 
17. 1 
18. 16 
19. 9 



Tab1 e A-1. (Continued) 

Zero t o  No I ncome Change Deleted (.) 
Customer near zero demo. Zero not  i n  home J u l -  

I d e n t i f i e r *  Rate usage** f i l e  discount** repor ted  owner*** Other May Jun J u l  Aug Sep Oct Sep 

Group I :  

34. 2 
35. 11 
36. 11 . . . . . . 
37. 13 . . . . . . 
38. 13 
39. 10 
40. 10 
41. 16 8,9,10 
42. 6 
43. 1 
44. 12 
45. 16 

? 46. 4 
w 47. 14 

48. 8 



Tab1 e A-1. (Continued) 

Zero t o  No Income Change Deleted (.) 
Customer near zero dem. Zero not  i n  home Ju l -  

I d e n t i f i e r *  Rate usagef* f i l e  discount** repor ted  owner*** Other Mcy Jun J u l  Bug Sep Oct Sep 

Group I: 



Table A-1. (Continued) 

Zero t o  No Income Chanqe Deleted [. I ~ - -  

Customer near zero demo. Zero not in hime Jul- 
IdentifSer* Rate usage** f i l e  discount** reported owner*** Other May Jun Jul Aug Sep Oct Sep 

Group 11: 

94.' 
95. 
96. 
97. 
98. 
99. 

100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 

Group I11 : 



Tab1 e A-1. (Continued) 

Zero t o  No -Income Change Deleted (.) 
Customer near zero demo. Zero no t  , i n  home J u l -  

I d e n t i f i e r *  Rate usage** f i l e  .discount** repor ted  owner*** Other May Jun J u l  Aug Sep Oct Sep 

Group 111: 

Tota ls :  Graup I. 
Graup [I. 
G r ~ p  111. 

*The l d e n t d f i e r s  used on t h e  o r i g i n a l  p r o j e c t  data f i l e  a re  i n  t h e  possession o f  DOE. 

**Entr ies denote t h e  months du r ing  which t h e  p-obl em occurred. 

***Entrdes denote t h e  da te  t h a t  t h e  problem occurred. 
a/ - 
Customer switched f rom adr  c o ~ d i t d o n i n g  i n  1975 t o  an evaporat ive coo le r  Jn 1976. 

b/ - 
Customer moved t o  a r e s t  home. 

c/ - 
Customer on vacation. 



APPENDIX B: DATA PROCESSING AND' ANALYSIS PROCEDURES* 

The aim o f  t h e  programming system developed f o r  t h e  Arizona. ana lys is  

was t o  c reate  a  u n i f i e d  se t  o f  compatible computer programs, which could be 

I used' repeatedly f o r  each month o f  data t o  be analyzed. A1 1  programs were 

w r j t t e n  , i n  t h e  sof tware o f  t he  S t a t i s t i c a l  Analys is  System (SAS) t o  enable 

e f f i c i e n t  merging, ed i t i ng ,  and i n t e r a c t i o n s  w i t h  needed s t a t i s t i c a l  rou- 

I t j nes .  ' S p e c i f i c a l l y ,  t h e  f o l l o w i n g  procedures o f  SAS 76.5 were used i n  t h e  

analys is :  CONTENTS, CORR, FREQ, MATRIX, MEANS, PRINT, SCATTER, SORT, and 

I SYSREG. F igure  B-1 i s  t h e  f l o w  char t  o f  t h e  data processing and ana lys is  

.procedures used i n  t h e  Arizona analys is .  1 ' .  
I The data f o r  our  ana lys is  were a v i l a b l e  f rom two sources: 

1 ) The Depbrtmint o f  Energy-mai n t a i  ned data base, c o n s i s t i  ng o f  usage, 
demographic, and load in fo rmat ion  suppl ied t o  DOE by t h e  Arizona 

' Pub l i c  Serv ice Company (APS). 

2 )  ,' The o r i g i n a l  complete demographic f i l e  as compiled by APS based on 
answers t o  t h e i r  survey quest ionna i re  and s tored on magnetic tape 

. by DOE. 

On t h e  DOE f i l e ,  usage in fo rmat ion  was a v a i l a b l e  f o r  each hour o f  each 

day i n  t h e  study.+' I t  was necessary t o  aggregate t h e  usage in format ion  by . '  

month and by pe r iod  (S.e., base, intermediate, and peak). The aggregated 

data se t  was then converted i n t o  a  SAS data se t  f o r  f u r t h e r  analysis. 

Demographic i n fo rma t ion  on t e s t  and con t ro l  customers was obta ined on . 

th ree  occasions. There were two in te rv iews  p r i o r  t o  t h e  experimental pe r iod  

and one subsequent t o  i t . §  The post - tes t  i n te rv iew  was somewhat more 

*See a l so  remarks on e d i t i n g  i n  chapter 2, sec t i on  4 o f  t h i s  report .  
. 

 DOE recedved monthly aggregates o f  hou r l y  usage in fo rmat ion  and merely 
ex t rapo la ted d a i l y  val  ues. 

§copies o f  t h e  pre-' and post - tes t  i n te rv iews  are g iven i n  Sect ion V o f  
Appendix B  t o  t h e  Arizona p r o j e c t  f i n a l  r e p o r t  (Arizona So lar  Energy Re- 
search Commiss'ion, 1977). 
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F i gu re  B-1. Flow c h a r t  o f  data process ing and ana l ys i s  procedures 
used i n  t he  Ar izona ana lys is .  



d e t a i l e d  than t h e  p re - tes t  in terv iews.  Coded responses t o  a1 1 th ree  i n t e r -  

views were de l i ve red  t o  DOE. From t h e  in fo rmat ion  contained i n  these t h r e e  

quest ionnaires, DOE developed a demographic data f i l e  conta in ing  coded re-  
, . 

sponses f o r  each o f  t h e  th ree  interv iews.  However, t h i s  f i l e  inc luded re -  

sponses t o  on ly  a se lec ted subset o f  t h e  questions. 

Because t h e  i n fo rmat ion  contained i n  t h i s  subset o f  a l l  o f  t he  demo- 

graphic data was considered i n s u f f i c i e n t  f o r  a s a t i s f a c t o r y  cova r ia te  analy- 

s i s ,  KT1 requested from DOE, and was sent, t h e  complete se t  o f  coded respon- 

ses t o  t h e  p o s t - t e s t  quest ionna i re  (suppl ded t o  DOE by t h e  Arizona p r o j e c t  

team). It was t h i s  complete .set o f  responses t h a t  was even tua l l y  used t o  

. c rea te  a demoyraphJc data se t  f o r  use i n  t h e  analyses o f  t h i s  repor t .  

The demographic var iab les  were then recoded i n t o  a form more s u i t a b l e  

f o r  ana lys is  (e.g., numerical i ns tead  o f  a1 phabetic values, t a k i n g  loga- 

r i thms,  etc.) ,  and then were a l so  converted t o  a SAS data set.  A l l  t h ree  

f il es were then sor*ted and 1 inked and checked f o r  non-matchi ng customer 

ID,'s. F i n a l l y ,  a combined SAS data se t  was created f o r  each month o f  t h e  

study. 

Since t h e  DOE data were based on calendar months, whereas the  usage 

in fo rmat ion  supp l ied  by APS was a c t u a l l y  f o r  b i l l i n g  months, t he  aggregated 

usage values were dependent on t h e  l eng th  o f  t h e  i n t e r v a l  on which a custo- 

mer. ' .~ meter was read (see sec t i on  2.4). Thus each  customer,'^ aggregation 

value was not  d i r e c t l y  compatible t o  another customer's value. To ad jus t  

each monthly aggregation, each customer's usage was d i v ided  by t h e  l eng th  o f  

h i s  b i l l i n g  month. 

The number o f  coo l i ng  degree days i n  t h e  b i l l i n g  months o f  each custo- 

mer were then est imated from t h e  calendar month cool  i ng degree day t o t a l  s 

and t h e  meter read dates. 



Once t h e  complete data se t .  was created, manual e d i t s  were then per- 

formed t o  check f o r  miss ing values and reasonableness o f  t h e  data. The man- 

ua l  e d i t  checks were as fo l l ows :  

1) Observations w i t h  extremely h i g h  and low values f o r  demographic and 
usage va r iab les  were p r i n t e d  and examined t o  check f o r  reasonable- 
ness'. . . 

2 )  Frequencies and cross- tabu la t ions  were p r i n t e d  f o r  re levant  v a r i -  

ables i n  t h e  demographic f i l e  us ing SAS procedure FREQ. Eyeball 
checks f o r  unreasonable val ues and unreasonable crosstabs were 
made. Miss ing  data problems were a l so  examined. 

3 )  P l o t s  o f  present  vs. past  average da i  l y  usage were nlade f o r  each 
month (e.g., usage 9/77 vs. usage 9/76). 

ht 1 data t h a t  seemed unreasonable were then f u r t h e r  examined as necessary t o  

consider  whether t h e  observat ion mer i ted  d e l e t i o n  f rom t h e  sample. 

A t  t h e  complet ion o f  ed i t i ng ,  data analyses were completed using t h e  

SAS76.5 SYSREG and means procedures. E l a s t i c i t l e s  and t h e i r  associated co- 

variances were a l so  computed w i t h  a use r -wr i t t en  program t h a t  u t i l i z e d  t h e  

MATRIX procedure o f  SAS76.5. 



APPENDIX C: OETAILEU REGRESSION RESULTS FOR DEMAND MODELS 
. . . . . : . ,  

This appendix contains 'both' the 'tables t h a t  correspond t o  tables 4-4 

through 4-6 for the other response surface niodels t h a t  were estimated and 

I dupl i cat i ons of the coinpl ete resressi on models t h a t  correspond t o  the ay- 

I yreyate (July-September) reyressi ons for each inode1 . These .are included 

as representative reyressions since they generally differ 1 i t t l e  from the 

results for individual ~nonths. 

I The tables 1 i s t i  riy 'the price and income elasticities for the various 

lnodels and their locations in this  report are: 

Group 

A1 1 of the variables in the reported reyressions are defined in table 

4-1, reprinted be1 ow. 

The detai 1 ed reyressi ons contai n not only the estimated coefficients 

and the usual overall reyression statist ics b u t  also the Chow tests t h a t  

I are reported for a1 1 reyressions (includi n y  those for individual months) 

in tables 4-2 and 4-3. For all Group I reyressions b o t h  test  types 1 and 

2 (as defined i n  table 4-2) are yiven in t h a t  order just following the 

regressions, For the Group I1 and Group I11 rebressions, test  1 i s  yiven 

(as defined in table 4-3), In the followiny listiny the detailed recjres- 

sions for the aggregated da ta  set (July-September) are labeled usi n y  

three-symbol codes. The f i r s t  symbol indicates the group t o  which the 
I regression applies; the second indicates tne model code from equation (3); 



Tab1 e 4-1. Oef i ni t i ons of Var iab les  

Var i ab l e  D e f i n i t i o n  

Non-pri c e  I ndepen- 
dent  Variables* 

z1 (NOHOME) 1, i f  there were more household rne~i~bers than  working 
rnernbers , 

0 ,  otherwise.  

z2 (YUW) 1, i f  t h e  household was l o c a t e d  i n  Yurna, 
0 ,  rstilerwise. 

z3 (LNOHHMEM) na tu ra l  1 oyar i  th in  of the nur~rber of househol d members. 

24 (LWATT) na tu ra l  loyarithrn of the sur11 of  the wattaye r a l  irrys uf 
household appl i ances  o t h e r  t han  a i  r condi t ioners .  

Z 5  (AC) a i  r condi t ioned  squa re .  foo tage ,  e s t i ~ n a t e d  a s  the square  

squa re  foo t aye  of t h e  home, i f  i t  had c e n t r a l  a i r  con- 
d i t i o n i n g ;  and a s  one p lus  the r epo r t ed  number of roorlr 
a i r  cundi t io r le rs  ( t o  account f o r  the f a c t  t h a t  a t  l e a s t  
one rooill a i r  cond i t i one r  i n  a horiie i s  o f t e n  l a r g e r )  
t imes  the average square  foo t age  pe r  room i n  t h e  house, 
i f  i t  had a t  l e a s t  one room a i r  cond i t i one r ,  o therwise ,  
zero. 

z6 (LINCOME) na tu ra l  l o sa r i t hm of r epo r t ed  gross  falllily inco i~~e .  

27 (KIDS) 1, i f  a t  l e a s t  one r e s i d e n t  i n  t h e  household was l e s s  
t h a n  s i x  y e a r s  o l d ,  

0 ,  otherwise.  

z8 (LKWH6) na tu ra l  l o y a r i t h ~ n  of the propor t ion  of days i n  each 
household 's  bi 11 i ny rronth accounted f o r  by weekends 
and hol i days. 

zg (LCDD6) cool i ny requi  r e~nen t s ,  measured a s  the product of the 
, _ l oga r i t h i i~  of averaye d a i l y  cool iny  degree days i n  each 

. . c u s t o n ~ e r ' s  b i l l i n y  month and t h e  logar i thm of a i r  con- 
d i t i o n e d  square  foo tage ,  i.e., of z5. 

Z10 (LAGEHIq) " n a t u r a l  loyari thin of t h e ' a y e  of each c u s t o n ~ e r ' s  horne. 

*The' ~ t g t i s ' t i c a l  Analys i s  System (SAS) acronynls a r e  given i n  paren- 
t h e s e s .  



Tab1 e 4-1. (Cont i nued) 

Var iab le  D e f i n i t i o n  

P r i c e  Var iables 

LPPA 

L PMA 
. , 

L PBA 

lnpl, na tu ra l  l o y a r i t h ~ n  o f  peak pr ice .  

1np2, na tu ra l  loyar i th in  o f  in termedia te  pr ice.  

lnp3, na tu ra l  l o y a r i t t ~ m  o f  base pr ice .  

1 n p l  squared. 

I np2 squared. 

1 np3 squared. 

1 npl t imes 1 np2. 

LPPPB lnpl t imes lnp3. 

LPMPB lnp2 . t imes lnp3. 

Consurnpti on Var iables 

LKWHPEAK, na tu ra l  1 o y a r i t h ~ n  o f  t h e  average dai l y  KWH consumption 
LKWHINTR, f o r  t h e  1976 ( t e s t  year )  b i  11 i n y  month du r iny  t h e  peak, 
LKWHBASE intermediate,  and base r a t  i ny periods, respect i  vely. 

LKWHPK5, na tu ra l  logarithrrr o f  t h e  est imated average d a i l y  KWH 
LKWHIN5, consumpti on f o r  t h e  1975 (base1 i ne year )  b i  11 i ng rrlonth 
LKWHBS5 du r iny  t h e  hours o f  th'e day assiyned t o  t h e  peak, i n -  

termediate, and base r a t i n g  per iods i n  the  f o l l o w i n g  
( t e s t )  year. 



and the third indicates the ratiny period t o  which the results apply (P, 

I ,  B refer t o  peak, intermediate, and Lase periods). For example reyres- 

sion I-A-P i s  the rnodel A reyression for Group I customers for the peak 

period. 

The tables in which the regressions can be located are: 

Group I Regressions 

. I-A-P 
I -A-I 
I -A-B 
I -BOP 
1-6-1 
I -B -B. 
1-C-1' 
I -C-I 
I -C-B 
I-D-P 
1 4 - 1  
I -D-B 
I -X-P 
I -X-I 
I -X-B 

Group I I Hegressi ons 

I I -C-P 
1 1 4 - 1  
I I -C-B 
I 1 - 0 4  
I 1 4 - 1  
I I-D-B 
I I -X-P 
I I -X-I 
I I -X-B 

Group I I I Reyressi ons 

I II-L-P 
III-C-I 
III-C-B 
III-D-P 
1114-1 
111-D-B 
I I I -X-P 
III-X-I 
I I I -X-B 

Tabl e 

C- 6 
C- 7 .  
C- 8 
C- 9 
C-10 
C - 1 1  
C-12 
C-13 
C-14 
C- 15 
C-16 
C-17 
C-18 
C- 19 
C-20 

Tabl e 

Tabl e 



Table C-1. P r i c e  and income e l a s t i c i t i e s :  Model B, Group 1.1 
. 

May (df=51') 
P I a Y 

P .I62 .280 -.099 el43 
(0.62) (0.64) . (-0.47) (1.36) 

I -000 -0047 -. 036 .202** 
(0.00) (-0.14) (-0.23) (2.02) 

B .099 -219 .I15 .264** 
(0.47) (0.62) (0.67) (2.47) 

J u l y  (df=49) 
P I B Y 

P -el22 -1.056** -352 .263** 
(-0.36) (-2.05) (1.33) (2.30) 

I el68 -.597* 0183 .277*** 
(0.73) (-1.70) (1.01) (2.68) 

B -051 -.538 -256 .I55 
(0.18) (-1.24) (1.15) (1.49) 

June (df=54) 
P I B ' Y  

August (df=50) 
P I B Y 

September (df=52) October jdf=47) 
P 1 6 Y P I t3 Y 

Ayyregate, July-September (df=36) 
P I B Y 

l ~ h e  exact s p e c i f i c a t i o n  o f  t h e  model i s  y iven i n  equat ion (3). The t o t a l  
number o f  observdt ions (n)  f o r  each regression i s  y i  ven i n  t a b l e  1-2. The syrnbols 
P, I, B, and Y denote peak, intermediate, and base per iods and income, respec- 
t i  vely. The parenthesized numbers are  t - s t a t  i s t  i cs and ( two-ta i  1 ed) s i g n i f i c a n c e  
t e s t s  a t  t h e  10, 5, and 1 percent l e v e l s  are  denoted by *, **, dnd *** symbols, 
respect i vely. 

Note: E l a s t i c i t i e s  f o r  lnodel A, Group I are g iven i n  t a b l e  4-4. - 



Table C-2. P r i c e  and incorile e - l a s t i c i t i e s :  Model C, Group 1.l 

May (df=49) 
P I B Y 

June (df=52) c 

P I B Y 

J u l y  (df=47) 
P I B Y 

IJ -613 -.4$8 .158 .226* 
(1.06) (-1.20) (0.61) (1.81) 

I *860* -a473 -.021 - 221** . 
(1.74) (-1.33) (-0.09) (2.08) 

B -685 -.425 -0041 .232** 
(1.31) ( - 1 1 3 )  (-0.20) (2.07) 

August (df=48) 
P I 8 

P 950 -123 -a178 -081 
(1.54) (0.27) (-0.64) (0.57) 

1 . l.073"" -254 -6305 ,103 
(2.27) (0.74) (-1.42) (0+94) 

B -729 0355 -*374* e123. 
(1.56) (1.05) (-1.77) (1.13) 

Seltember (df=50) October (df=45) 
P I t3 Y P I B Y 

Ayyregate, ~ u l ~ - ~ e p t e l n b e r  (df.42) 
P I B Y 

l ~ h e  exact s p e c i f i c a t i o n  o f  t h e  model i s  g iven i n  equat ion (3). The t o t a l  
nurr~ber o f  observat ions (11)  f o r  each reyression i s  y i  ven i n  t a b l e  1-2. The synibols 
P, I, 8, and Y denote leak,  intersiediate, and base per iods and income, respec- 
t i v e l y .  The parenthesized numbers are  t - s t a t i s t i c s  and ( two- ta i l ed )  s i y n i f i c a n c e  
t e s t s  a t  ' t h e  10, 5, and 1 percent 1 eve1 s are  denoted by *, **, and ** symbol s, 
respect i vely. I 



Table C-3. Price and income e l a s t i c i t i e s :  Model D,  Group 1.1 

May (df=57) June (df=60) 
P I B Y P I B Y 

July (df=55) August (df=56) 
P I B Y P I B Y 

September (df=58) October (df=53) 
P I B Y P I I3 Y 

l ~ h e  exact specification of the model i s  yi ven in equation (3). The to t a l  
number of observations (n) f o r  each regression i s  y i  ven in table 1-2. The 
syinbols P ,  I ,  B, and Y denote peak, inters~ediate,  and base periods and i n c o ~ ~ ~ e ,  
respectively. The parenthesized numbers are t - s t a t i s t i c s  and (two-tailed) siy- 
nificance t e s t s  a t  the 10, 5, and 1 percent levels are  denoted by *, **, and *** 
syn~bol s ,  respect i vely. 



Table C-4. Price and i nco~ne e l a s t i c i t i e s :  Model D ,  Group .l1.1 

May (df=15) 
P I B Y 

July (df=16) 
P I ti Y 

June (af=15) 
P I B Y 

September (df=14) October (df=18) 
P I B Y P I k3 Y 

Ayyreyate, July-Septeiriber (df=13) 
P I B Y 

l ~ h e  exact specification of the model i s  gi ven i n equation (3). The t o t a l  
nuiilber of observations (n) f o r  each recjression i s  yi ven in table  1-2. The 
sylnbols P ,  I ,  B ,  and Y denote peak, intermediate, and base periods and incon~e, 
respect i vely. The parenthesized nurnbers are  t - s t a t  i s t  i cs and (two-tai 1 ed) s i  y- 
nificance t e s t s  a t  the 10, 5, and 1 percent levels are  denoted by *, **, and *** 
symbol s ,  respect i vely. 



Table C-5. Price and income e l a s t i c i t i e s :  Model D, Group 111.1 

May (df=20) 
P '  I tj Y 

July (df=22) 
P I B Y 

June (df=22 j 
P I B Y 

A u g u s t  (df=22) 
! P I I3 Y 

September (df=22) October (df=20) 
P I B Y ' P I I3 Y 

I Aybregate, July-September (df=22) 
P I B Y 

I 
l ~ h e  exact specification of the model i s  yi ven in equation (3). The to ta l  

number of observations (n) fo r  each regression i s  yi ven in table  2-3. The 
syn~bols P ,  I ,  B ,  and Y denote peak, intermediate, and base periods and income, 
respectively. The parerithesized nurnbers are  t - s t a t i s t i c s  and (two-tai led)  s i  y- 
nificance t e s t s  a t  the 10, 5, and 1 percent levels are  denoted by *, **, and *** 
symbol s ,  respect i vely. 



Table C-6. Model A, Regression f o r  Group I ,  Peak Per iod ' 

(Average Day, J u l y  - September, 1976) 

M O D t L :  U DEP ~ A R ~ A ~ L ~ = L K ~ H P E A K  

S O U R C E  OF 
REGWESSIOi4 1 8  
ERROR 3 0  
C O H R E C T E U  T O T  5 4  

. S O U R C E  DF 

SS MEAN S O u A R t  , F R b T I O  P R O 0  > F 
29 ,736601  1 .152033  - 4 . 7 9 4  0 . 0 0 0 1  

8,.651670 0 . 2 4 0 3 2 4  ' 

29 .38827  1  r) . '~UU227 RSGUARE = 0 . 7 0 5 6  
R VALUE STD O t V I A T I O h  T FUN HO:8=0 

PRO0 > I T  l L A B E L  



. . ,Table C-6. (continued) 

LINCOME . . 1 n . z i o o i 7 z i  0 .11790972 
0.0833 

. . 

LCDOb 1 0.057s 0426  0.01b85908 
0 . 0 Q l b  

. LAGEHM I -0 .192 joess  . p . i i e 7 1 9 9 e  
0 - 1  140 

TEST:TiST001 NUMERATOR? 0.25037708 DF: 9 
. . .- 418 

DENOMINATnR: , 0.2403Zu16 UF: 36  
273  

TEST: TEST002 IWMERATOR: 0.29983571 OF: 6 
476 

DENOMINATnR: 0 . 2 4 0 3 2 4 1 6 .  DF: 36 
058 

F VALUE: 

PR08 > F: 

F VALUE: 

PRO8 > F: 



. . 

Table C-7. Model A, Regression fo r  Group I ,  Intermediate Per iod 
(Average Day, Ju ly  - September, 1976) 

SOURCE 0 F 
R E ( ~ ? E S S I O N  18 
t RHOR 36 
CORRECTEU TUT 5 U  
SOURCE . . D F 

SS h k A k  SIJUARE F R A T I O  PROM > F 
16.552066 0.919559 4.660 0.0001 

7,-094360 O.IP7Obo 
2 3 . 6 U b U 2 5  0.437897 HSOUARE = 0.7000 

R V A L U t  S r D D E V I A T I U h  TFOWHO:B=O 
PRO0 > ' 1  11 LABEL 

INTERCEPT 1 

LPPA 1 

LPMA 1 

SUURCE OF 6 VALUk STU D E k I A T I U N  T FOR HO:6=O 



.: , 
. . 

.Tab1 e C-7. (cont i nued) 

TEST:TtST004 &UMERATUH: , 0 . 2 5 0 7 7 0 3 8  DF: b 
72s 

DENOHINATtlR: O.'1970655.( DF: 30 
943 

F VALUE: 1 .2  

P g u 8 . F :  0 .3  

F VALUE: 1 . Z  

PROM > F: 0 .2  



Table.  C-8. Model A;.'Regression, f o r  ~ r o u p  I, Base Per iod 
(Average Day, J u l y  - September, 1976) 

SOURCE D F SS MEAa sOIJARE ' F RATIO PRO8 > F 
REGRESSION 18 10.094283 0.894127 3.871 0.0003 
ERROR 3 b  d',-115H09 0.250995 
CORHECTLG TOT SU 24.410092 0.052039 RSGUARE = 0.0593 
SOURCE OF B VALUt ST0 DEVIATION T FOR HO:b=O 

PRO8 I'TI L A B ~ L  

I N T E H C ~ P T  . .  i . i n i  .siipc ieo b 0 . 0 3 ~ 5 8 ~ ~ 1  1 .bqi!68 
0.0992 

.. . 
LPPA I -'kt -231 3OUUb '36.UUOOSU75 -1.68033 

0.101b 

LPM 3 1 -45.R1361db7 26.55091390 -1.7251 1 
0.0931 

LPPZ 

LPMZ 

Y UMA 



TEST: T tSTODS 
102 . 

TEST: TEST0,Ob 
5 5 3  

Tab1 e C-8. (continued) 

PRO8 ; 11 1 LABEL 

tIUhERAlOR: 0.23334U79 OF: 9 

NUMERATOR: 0.1915hY15 OF: 6 

DEfJOHINATnR: 0.23099470 OF: 3 6  

F VALUE: 1.0 

PRO8 F :  0.4 

F VALUE: 0.8 

P R O B > F : '  0 . 5  



Tab1 e C-9. Model B, Regression f o r  Group I, Peak Per iod  
(Average Day, July - September, 1976) 

MODEL: +i DEP VARIABLE=L~WI. IPEA~ 

SOURCE' DF SS M t P h  SauARE F RATIO PROB > F 
REGRESSION 10 27,F13555h 2.7H355b , 78.879 0.0001 . 
EilH(1R rlil .1,552715 0 .035289 
CORRkCTEO TUT 5U 29.388271 0 . 5 ~ 0 2 2 7  4SQUARk = 0.9472 
SUUHCE OF 0 VALUE STD DEVIAT IOh  T FUR H0:8=o 

PRO0 > I 1  I L A ~ ~ L  

INTERCEPT 

Ll'l'h 

LPMA 

LPPPM . 1 4.7031 3091  3.04287927 1.56556 
0.12Ue 

LPMPB 

TEST: T E S I O l J  hUMCHATJif: 0 . ~ d d l h 5 l 5  DF:  9 F VALUE: 0.8 
151 

UtRUMINAIORt  d.J35,?d897 OF: UU PRUB > F: 0.6 
05 1 

. TEST:TESTOlU &UMERATON: , 0 .02724411 SF: b F VALUE: 0.7 
7 2 0  



Table C-10. Model B, Regression f o r  Group I, ~nte rn ied ia te  Per iod 
(Average Day, Ju ly  - September, 1976) 

MODEL: 14 . . DEP VAHIABLE=LKWHINTR 

SUUHCE D F S$ MEAk SOIJAWE F R A T I U  P W O 6 B F  
REGKESSION 1.0 2 2 ;  7 6 6 6 3 7  2 . 2 7 6 6 6 4  1 1 3 . 8 6 1  0 . 0 0 0 1  
EHHOR Uu 0 , -879789  0 . 0 1 9 9 9 5  
CORHECTEO TUT 54 23.6U6U25 0 . u 7 7 8 9 7  RSQuARE = 0 . 9 6 2 8  
SOUHCE . , OF R VALUE S I D  OEVIATIOIJ . T FOR Ho:8=0'  

PRO8 > 171 LABEL 

LPPA. 

LPMA 

LPBA 

LPPPM 

LPPZ 

LPMPB 

TEST: TEST015 
2b5  

N U M E H A T U ~ ~ ;  O.U3U5%262 OF: 9 F VALUE: 1 . 7  

NUMEWATUR: 0 . 0 ~ 3 6 a 7 u 2  UF: b F VALUE: 2 . 1  

D E N U M I N A T ~ R :  0 . 0 i v 9 ~ 5 2 0  OF: u u  P R u e > F :  0 .0  



* .  Table C-11. Model B, Regression' Group I, Base Per iod ' .  

(Average Day, ' J u l y  - September, 1976) 

SUUHCE D F SS MEAN SIJIIARt F R A T I O  P R O 0 . F  
WEGRESSIUtJ 1 0 .  22;?82056 2 .228200  (16.071 0 . 0 0 0 1  
ERROR uu 2, l  2 ~ 0 3 h  0 . 0 ~ ~ 3 6 4  
CORkEt tko  TOT 5U 2 4 . u l 0 0 9 ?  d.d52039 RS3UARE = 0 .9128  
Si)uHCt: OF B VALUE S T 0  D C V I A T I ~ I J  T FOR t10:&=0 

PROB > I T I  LABEL 

INTERCEPT t 7 ' . 6 9 5 h ~ 8 2 5  2 b . 6 8 6 ~ 1 3 5 5  0 .28837  
0 .7744  

LPPA 

LPPPM 

SOCIRCk DF R VALLIE S r D  n E I / I P T  I U N  T FUR W0:B'O 
PROB 3 1 T I  LABEL 

TEST: T t S T 0 1 7  ~ J U M E R I I U H :  0 . 1 0 0 8 1 5 1 9  3 F :  9 F V A L U k :  2.0 
. 8 U 5  

O E N O H I N A T ~ R :  0.0UH36UUb OF: UU P R O 8  > F :  0 .0  
518  , 

TEST: TEST018 I~UF~EHATOK:  O . l ~ j l S R 2 3  OF: b F VALUE: 2.5 
4 6 5  . . . .  . 

DENOMIhPTOR: 0.0U81hUU6 DF j 44  PRbB > F :  0 .0  
333  



Table C-12. Model C, Regression for Group I ,  Peak Period 
(Average Day, July - September, 1976) 

SOURCE D F 
HLtiWESSION 1 2  
ERROR. U 2 
C O R R ~ C ~ E C I  r o r  ' su 
SOURCE D F 

LPPA 

LPMA 

LPtJA 

Y UMA 

K I D S  

MOHUME 

LnA T T 

LNUtitiCIkP 

LINCOME 

DEP VARIAHLk=L&nnP€AK 

SS MLAN SIJUAWt F R A T I O  P R O B > F  
ie'..937fe7 i .s .1e i32 b . 3 ~ 2  , o . o o o l  
10,USObRU O.2UR82b 
29.388271 0.540227 RSQUARE = 0.bUUU 

R VALUE STD DEVIATION T FOW HO:kJ=O 
PROS > I T I  LABEL 

1. 

TEST:TEST007 hUMtHArUR: 0 . 1 5 1 ~ 5 9 8 0 '  DF: 3 F VALUE: 0.b 
; 0 8 7  . 



Table C-13. Model C ,  Regression for Group I ,  litermediate Period 
(Average Day, July - September, 1976) 

MODEL: EL VEP V A R I A H L ~ = L K ; V H ~ ~ ~ T R  

SUUWCE D F SS HEAN SOUAWL F R A T I O  P R U E * F  
REGRESSION 12 I S ; O U ~ U U U  1:253954 6.125 0.0001 
ERRUR 42 8,598982 0.204738 
CORHECTCD TOT 54 23.hUbU25 0.437897 RSOUAHE = 0.6364 
SOURCE D F 0 WALUt S T 0  O E V I A T I U N  T FOR H0:8=0 

PRO0 > 1 1 1  LAbEL 

LPPA 

Y UMA 

1ESI :TESTOOB NUMERATOR: 0.21169689 O F :  3 f VALUE: 1.0 



Table C-14.. Model C, ~ e ~ r e s s i o n  for  Group 1 ,  Base Per iod 
(Average ~ a y ,  Ju ly  - September, 1976) . 

MODEL: F L  ' ' DEP V A R I A R L E = L K N H ~ A S E  

SilUHCE 
REGRESSIOrJ 
ERHUR 
CORRECTCO T Q l  
S U U H C t  

LPPA 

LPMA 

K I V S  

SS MEAN SQUARE F R A T I O  PRO6 > F 
1~i908868 1.2U2406 5.492 0.0001 
9,50122U 0.22b220 

24.U10092 0.45203V RSUUARE = 0.6108 
8 YALUE S T 0  D E V I A T I O N  T FUR 140:8=0 

PRO0 > I l l  LABEL 

SOUHCE D F 0 VALUL S T 0  D E V I A T I O N  T FOR HO:b=O 
PRO5 > 1 T I  L P B t L  

LAGEHM 1 -O.lU7?143b 0.11100328 ' -1.32622 I 0.1919 

TEST: T l i S T 0 0 9  NUCIERATUR: 0.30489607 DF:  3 F VALUE: 1.3 

4.78 
DEMUMlNATflR:  0.22b?1962 OF: 42 PRO0 > F: 0-2 

718 . .  



Table C-15.. Model D',.'Recjression for Group 1', Peak Period ' 

(Average Day, July -September, 1976) 

SUUHCE ' OF 
REGRESSIdh U 
ERHUR 5 0 
C3WHtCTED TUT 5 u  
SdUHCE D F 

INTERCEPT 1 

LPPA 1 

LPMA 

S.S MEAN SI'JUARE F R A T 1 0  P R O B > F  
2 7 1 , 6 7 2 0 9 2  6.91 n o 2 3  2 0 1  - 5 5 3  0.000 t 

1,716179 0 .03U324 , 

2 9 . 1 8 ~ 2 7 1  .o .suu227 RSCUANE = 0 . 9 u i 6 "  
B VALUE S T 0  D E V I A T I O N  T FOR HO:B=O " 

PRO8 > 1 T I  LABEL 

SUUNCt D F H VALUL STIJ 3 E r I A T I U t v  T FOR HO:8=0 
P k o a  > I T I  LABEL 

TEST: TESTu lO  ~JLJ;.IERATUH? 0 . 0 3 1 8 0 9 0 3  DF: 3 F VALIUt: 0.9 
2 6 7  

DENOPII;JAT~R: 0 . 03U52358  DF: 5 0  PRO6 > F :  0.4 
3 4 8  



Table '  C-16. , Model D, Regression for  Group I, Intermediate Per iod 
(Average Day, Ju ly  - September, 1976) 

. .. . 
. . 

M i i O t L : ,  N L  
. I .  . 

. S O U R C E '  . . 0 F 
. R E G R E S S I O N  . u 

ERHUR 50 
.CORREC.?E'D TOT 54 
SOUHCE D F 

S S  M t A l v  SOUARE F .  R A T I O  P R O 8  > F 
2 2 : ~ 6 ~ 5 1 2  5 .bZal28  2 ~ 6 . 3 4 7  0.0001 

1,1U1911 O.JZZ83B 
23.hU6U?5 O.U 47897 RSGUAWE = 0.9517 

B VALUE S T 0  DEk . IAT IOhr  T  FOR hO:B=O 
PROb > 111 L A B E L  

, . 

, . LPPP . .  1 0.1 7339076 0.13515080 1.2829U 
. . "  0.11)54 

LPMA 1 - 0 . 0 ~ 9 , 7 h ~ z 7  0.10070526 -0.2955b 
. .  . 0.7bCji3 

. . 

LPUA 1 -0.02781 5 2 0  O.Ob3571U8 -0.4375U 
. . .  . .. 0. hb3b 

T E S I :  T E S T 0 1  1 hUblERAlOR: 0 .01619302 3F: 3 .  F VALUE: 0.7 
..Quo 

. . 
. . 

. . . .  O E f 4 O M I ~ A T f l R :  0.02283827 OF: 50 PRUB > F :  0.5 
512 ' 

. .  . 
' . :.  ; . . 

. . 

. . 



Table C-17. ModeliD, Regression for Group I ;  Base Period ' (Average Day, July - September, 1976) 

SOURCE 
RtCRESSIiJt+ 
tRROR 
CURHtCTtO TU1 
SOUHCE 

I-'PP A 

LPb A 

DEP VARIAhLE=LKnHHASt 

i) F S S  MEAN SIJLIARE F WATIO PROB F 
U 2 1 i 5 ~ 7 1 0 7  5 . 3 8 5 7 7 7  ' 9 3 . 9 2 8  0 . 0 0 0 1  

So 2,866986 0 . 0 5 7 3 4 0  
5U 2U .U lO092  0 . 4 5 2 0 3 9  RSGUARE = 0 . 8 8 2 5  ' 

0 F B VALUE ST0  DEvIATIUrv T  FOR HO:B=0 
PWOB > ,  1 T I  LABEL 

NUhlEWATUR: 0 .U5612910  DF: 3 F VALUE: 0 .9  



. . 

. . . :  

 able C-18. . Model X ,  Regression f o r  Group I ,  Peak Per i  gd . , 

(Average Day, J-uly - September, 197.6) 
. . 

SOUWCE 
WEGRESSIUN 
ERROR 
CORRCCTEO T 
SOiJHCE- . 

Y UMA 

i) F SS MEAW SIJUARC. . F R A T I O  P R O 8 : >  F: 
9 .  22i .817759 2.535307 10.133 ' 0.0001 

US 11,?588!? . 0.250196'.  
OT 54 34.076571 O.651OU8 RSGUARE = 0.6h96 '  

D F B VALbE ' S f 0  D t V I A T I O M  1 FOR HO:H=O 
PRO0 > I T I  L A B C L .  

LAGEHM 1 -0.195h7989 
0.1oou 

STL, U E V I A T I U N  T F O n  HO:R=O 
I. AbEL 



Tab1 e C-19. Model X ,  Regression for  'Group ' I ,  Intermediate Period 
(Average Day, July -' September, 1976) 

MODEL: Q DEP V A R I A H L E = L K N ~ I N S  

SOURCE 0 F SS M t A r i  SOIIAHE F C A T I O  PRO6 > F 
R E G R t S S I O N  9  17;805405 1  . V 7 H 3 7 8  . 10 .110  0 . 0 0 0 1  
ERWUR ' US 8.,ROObOU 0 .195509  . 
CURWECTED 101 5 4  2o.bOb009 0 . 4 9 7 7 0 ~  RSOUAHE = 0 . 6 6 9 2  
SUUULk DF 0 VALUE STD D E V I A T I O h  T FOR HO:B=O 

PRO0 I T  I L A B E L  

I N T E R C E P T  1 - I  . f $ ~ ; 9 5 ~ 5  3 .12 t i lUb80  -0 .U5610 
O.h0Ui) 

. . Y UFA I n,. a e t l n p b  1 il o.a iz r )5baa  1  '33U05 
0 . 1 8 8 9  

SUURCE 

LAGEHM 

L C D 0 5  

n F B V A L U ~  S T D  D E V I A T I O N  T FOR ~ O : B = O  
PRO8 z I 1  I L A B E L  



Table C-20. Model X ,  Regression for  Group. 1, Base. Per iod 
(Average Day, Ju ly  - September,, l976), 

DEP VARIAHLt=L&hnBSS 

SOURCE DF . sa  1 - 1 ~ ~ 1 4  SIJUARE F , R A T I U  P R O & ' >  F 
RECRESSIUh 9 13ib8ba87 1,.520721 7.856 0'. 000 1 
ERROW 5 8,710597 0.1U.3569 
COHHECTELJ TO1 SU 22.79708U 0 . 4 1 ~ 7 6 1  USQUARE = 0.6111 
SOURCE D F H VALUE STD DEVIAT ION T FOR H0:8=0 

PROA > I 1 1  LABEL 

SUURCE D F B VALUt S T D  O t V I A T I O h  
PRO8 > I 1  1 LA0EL 

T FUR HO:B=O 

3.05006 

-1.0767U 



Table C-21 .  Model C, Regression' f o r  Group 11, peak Per iod 
(Average Day,' Ju ly  - September, 1976) 

SOURCE DF 
H E G H t S S I i l F i  1 2  
EHRUR 5  
CUKWtCTEa P O I  17 
SUURCE OF 

SS M t A h  SuUARE F R A T I O  PRUB > F 
d,sue3os o. 7 1 z ~ s s  z . 0 5 ~  0.1652 
l..U50570 . n !  . ? q l ~ l l ~  - 
9.998880 3 .58Rla0  RSOUARE = 0.8549 

R V A L U ~  S T D  D E I , I . A T I ~ N  T F O ~  HO:B=O 
PRO0 > I 1 1  ~ n t i E L  

LPP A I 

SOURCE 

Y U:'4A 

T FOR hO:H=O 

L I N C U M E  

. 1  0.26953649 0.35927651 
O.Ullb9 

~ ~ U M E R A T O R ~  O . U ~ ~ ~ H S ~ S  UF: 3 F VALUE: 0.0 

5 PHOP > F :  0  9  



Table C-22. Model C, Regression f o r  Group I I , . I n te rmed ia te .Per iod  
(Average Day, J u l y  - September, 1976) 

SOURCE 
HEGRESSIUh 
ERRUH 
CORWECTt3 TOT 
SOUUCE 

LPPA 

LPBA 

YUtlA 

K I D S  

iqUH(jPiE 

LriA 1 1  

LFiUHHlrltM 

L I i \ i iO t lE  

LPdHb 

LCiIDb 

LACEHM 

TEST: TEST005 
60  1 

O F  SS MEAN SQLJARE F RATIO PRO0 > F 
12 e : i 7 i u 9 9  o. l s i u s e  3.969 a.oh92 
5 0,9215?9 0 . i n u 3 o b  

1 7  9.699028 0.570531 RSQuARE = 0.9050. 
DF , 8 VALUE ST0 DEVIAT IO& T FUk H0:0=0 

PROR > I T 1  LABEL 

2.45831 

0.71771 

3 F VALUE: 0.1 

DENO,~!lNAlnR: 0 . 1 8 4 ~ 0 5 6 8  DF: 5 PROd F : .  . 0 . 9  



Table C-23. Model C,  Re'gression f o r  Group 11, Base Per iod 
: . .  (Average Day, Ju ly  - September, 1976) 

SUUHCt  D F  
REGRESSION 12  
ERRUR S 
CORHECTED TOT 1 7  
SUIIRCE . O F  

YUMA 1  

K I O S  1  

DEP CAR I A H L ~ = L K ~ v H ~ A S E  

SS M k A h  SQUARE . F R A l . 1 0  PRGB > I- 
7 ; h 1 0 3 ? t  0 . h 4 U l Y 3  2 . 4 8 8  0 . 1 6 1 6  
1 ,?7UU75  0 . 2 5 U 8 9 5  
B.RBU79h 0 . 5 2 3 6 3 5  RSOUARE = 0 . 8 5 6 6  

R. V A L L J ~  S T D  DEI~ IATIUN T FOE n 0 : 6 = 0  
PROB > I T  I L A B € L  

DI- A V A L U E  SIO D ~ I ~ I A T I O ~  T FOR no:e=o 
PRO0 > I 1 1  LABEL 



Table 6-24. Model D ,  Regression for Group I1 ; Peak Period 
(Average Day, July - September, 1976) 

SUUHCE D F SS MEAk SQIIARE F R A l l O  P R O I 3 . F  
REGWESSI'UN 4  9;090874. 2.272718 32.539 0.0001 . 
ERHClR 1 3  0,908006 P .  Oh98117 
COkHECTEU TOT '17 . 9.998840' 0 .58dlb9  RSOUARE = 0,9092 . 
SOURCE 0 F 8 VALUE STD D t V I A T I O h  1 FOR HO.:B=O , 

P R O H .  l T l '  CABEL ,  . 

INTERCEPT , 1 . 1 .U5948774 , 2.44608807 0.59666 
O.So10 

LPPA 

. . 
LPUA 1 n.39b8UY26 0.63035251 0.62957. 

0.5599 ' 

DF : 

UF: 

F VALUE: 

PROB > F :  



Table C-25. Model D ,  Regression f o r  Group 11, Intermediate Period 
(Average Day, July - September, 1976) 

SOURCE D F 
wricw~ssrbnc Y 
ERROR 1'3 
CORRECrED TOT 1 7  
SOUHCt  D F 

LPPA 1 

SS M t A N  SQUARE F R A T I O  PWOB > F 
e ~ i i e w 7 ~  . 2.1~17057 25.128 0 .000  1  
1,11080? 0 . 0 8 5 ~ ~ 1 6  
9.b990ZR . - 0.570531 RSOUAHE = 0.8855 

6 VALUE S T D  DEVIAT IOt i  T FOR nO:8=O 
P R O 0  > I T  1 L A B E L  

, UEt\lONlI\lATnR: U . 0 8 5 ~ 4 6 2 8  DF: 13 PRO8 > F :  
147 

0 .9  



, .  . , , 

. . ~ a ' b l e ' c - 2 6 .  Model D, Regression f o r  Group 11, Base Per iod 
(Average. Day, Ju ly  - ~eptember ,  1976,) ' 

. . 

SOUkCE DF 
' ' i iEGWESSlUi~ 4 

ERROR 13 
CORHLCTED T O T  17 
SOURCE D F 

DEP V A R ~ A R L ~ = L ~ H ~ H A S E  

SS MEAN SOuARt F RATIO PRO8 > k 
8:117187 . 2.079296 47. h22 0.0001 
0,567612 0.OU3bbZ 
M.RBU79h 0.522635 RSOUAWE = 0.9361. 

. R VALUE ST0 DEVIAT ION T FGW HO:B=O 
PRO0 > I T  I 1-AbEL 

SOURCE OF I3 VALUk ST0 D t V I A T I U N  T FOR HO:8=O 
PWOB > I T  1 LAt3EL 

TEST: TESI009 ' N U M ~ R A  rOW: , 0.01S73013 OF: 3 F VALUE: 
. ' 0 0 3  . . 

OENOi-III'JdTflR: 0.043hn249 DF: 13 PWUB > F:  
827 . '  . . 



Table C-27.. Model X ,  'Regression f o r  Group 11, Peak Per iod 
(Average Day, Ju ly  - September, 1976) 

SOUUCE 0 F SS M t A h  SOUARE F R A T I O  PROB' > F 
REGRESSISN 9 5;63600h 0 .659556  4 . 0 5 2  0 . 0 3 0 7  
ERROR a i , ~ a a 2 ~ 1  ~ , 1 6 ? 7 7 9  
CURRECTED TOT 1 7  7 -2382aO 0 . 4 2 5 7 7 9  RSOUAWE = 0 .8201  
SU'URC~: D F R VALUE S T D  O E V I A T I O N  T FOR kO:B=O 

PRflR > 111 LABEL . 



Tab1 e C-28. . Model X ,  Regression f o r  Group 11, Intermediate Period' 
(Average Day, Ju ly  - September, 1976) 

MUOEL: 9 

SOURCE D F 
REGWESSILIiJ ' 9 
ERHUR 8 
CORWtCTED TOT 17 

' SOURCE D F 

YUMA 1 

UEP WAR1 ARLE=LKNHLI~S 

SS MEAk. SOIIARE F R A T I O  PRO8 > F - 

6;024312 0.bh936M 3.586 0.0030 
1,U93439 . O.lMhbH0 . . 
7.51 7.751 - 0.44?221 RSGUARE = 0.80.1.3. 

. B VALUE S T D  DEWIATIUir .  T FUR HO:0=O 
PROB > l T l LAUEL 

LNOHHMEM 1 -0.24017031 0.33563400 -0.72706 
0 .lib79 



Table C-29. Model X ,  'Regression for .Group 11, Base Per iod 
(Average Day, Ju ly  - September, 1976) 

M i l D t L :  N DEP V A R I A H L E = L K ~ H ~ ~ S S  

SOURCE DF SS MEAiQ SiduARE F R A T I O  PRUB - F  
H E G l i E S S I U i ~  9 'j>U09557 O.bn1062 3.752 0.0380 
ERROR iJ 1,761657 0.100207 
CORRECTED T O t  17 o.h91?1U 0.39 Ib01  RSOUARE = 0.8085 
SOURCE 0 F 0 v A L L I ~  S I D  u E v I A T I O ~ J  T FOR HO:B=O 

P R O 0  > I l l  L u B t L  

K I D S  



Table C-30. Model C ,  Regression for Group I 1  I ,  Peak Period 
(Average Day, July - September, 1976) 

HUDtL: OL DEP vARIABLE=LKwHPEA~ 

" S O U H C ~  D F. ss MEAN SQUARE F RATIO PROB > F 
REGRESSIOh. 1 2  5,561998 O.Uh3500 1.869 0.1319 
ERMUR 1U 3,471200 0 . 2 ~ 7 9 9 3  
COWRECTEO ' T O T  2 b  9 .033197 0.397U31 RSOuAWE = 0.6157 . 

' . SOURCE D F B V A L U E  S l D D k V I n T I O N  i F U R ~ 0 : 0 = 0  
PRO0 > I T I  LABEL 

IIJTERCEPT 1 1.9A3092bU 13.77662b70 0.14001 
O.RM75 

LPPM 

LPMA 

LPaA . 

. . 

SdURCE D F 9. VALUE S T 0  DEV' IATIUb T FOR HO:B=O 
PROR > I T 1  LA6EL 

Y UMA 

K I D S  

La(;En.Ll . . 1 - 0 . l l U 9 7 8 4 b  0.188' /71b7 -6 .60909 

.. . .. . 0 - 5 5 2 2  . . . .  . . .  
T t S I  :TtSTOOu ivJMERJTUR: ~ . 0 ~ 2 4 % 1 U 1  DF: 3 F VALUE: 0.1 
7 1 1 .  

DENOMINAlnR: U . 2 ~ 7 9 ~ 2 8 3  U F :  14 PkClB > F: 0.9 
l i r l  



Tab1 e C-31. Model C, Regression f o r  Group I1 I, ' Intermediate Per iod  
(Average Day, J u l y  - September, 1976) 

MODEL: EL OEP VARlA8LE=LKwhINTH 

SOURCE DF SS MEAh SQllARE F RATIO PRO8 > F '  
REi;WESSIuN 1 2  5 ; g 9 ? ! 7 ~  0 .457681  1 .718 O . lbb3  
ERRilR 14 3 ,730547 O.ZhbUb8 
CURWECTLD IUT  2 6  9 .222721  . U . 3 5 ~ 7 2 0  U S O U A ~ E  = 0 .5955  
SUUHCL OF H V A L U ~  s r ~  D ~ V I A T I O N  T FUR HO:B=O 

PROB > I l l  L A ~ E L  

LPPA 

NU HOME 

TEST:TtST005 AJMERATOR? G.iiu372U37 uk :  3 F VALIJC: 0 . 1  
0 4 1  

3 t ~ . I O P I I ~ \ A T O Y :  o . d b 0 ~ h 7 6 b  Of-: 14 PRO8 > F: 0 . 9  
186  



Table C-32. Model C, Regression f o r  Group 111, Base Per iod 
(Average Day, Ju ly  - September, 1976) 

SOUirC t OF 
HEGRtSS IUiJ 12 
EWHUR 1 4  
CORRECTED TOT 2 0  

. SUUUCE D F 

LPPA , . 1 

LPHA ' ' 1  

LPHA 1 

Y UMA 

KIDS 

SS MEAIu SDIJARE F R A T I U  P R O d > F  
5 i b b 5 7 0 7  O.U7?1U2 1 .767  0 .1542  
3 .791050  0.2672Ub 
9 .u07157  0 .3a1814  HSQUCRE = 0 .6023  

0 V A L U t  STD O ~ J I A T I O N  T FOR hO:B=O 
PRO0 > I  T I  LABEL 

SOURCE OF H V A L U t  STD D t V I A l I O N  T FOR H0:8=0 
PROH > .  1 T I  LAMEL 

T ~ S T :  T E S T O O ~  ? I I J ~ ~ E R A T ~ H ?  0 .00b55952  OF: 3 F VALUE: 0.0 
Zq5 . . 

. DENONIFUA lnR: 0.2b7746U5 ' u F :  . I 4  PRGb > F :  0.9 
940 



Table C-33. Model D, Regression for Group 1 1 1 ,  Peak Period 
(Average Day, July - September; 1976) 

SOURCt il F SS MtAN SOiIAWE F RATIU PROB > F 
REGSESSION u 8 ; 5 9 6 3 9 ~  . .  2 . 1 ~ ~ 8 ~ 8  107 .901  0 .0001  
EHHUR 2 2  O..U37809 0 .019900  
CORRECTLO TOT 26  9 . 0 7 3 1 9 7  0 .347431  WSOuPRE = 0 . 9 5 1 5 .  
SOURCE O  F R VALUE STO DEVIATION T  FUR H0:8=0 

. . PRO0 > 111 LABEL 

LPPA 

TEST: TESio07  NUCIERATOU: 0 .0046551U UF:  3 F VALUE: 
339  

othdMIldATnR: 0 . 0 1 9 9 0 0 1 7  O F :  2 2  P R U f 3 . F :  
7 1  I 

I 



, . 
- . Tab1 e C-34. Model D; Regression f o r  G,roup 1 I I, .-I nterrnediate .Period 

(Average Day, Ju ly  - Septernb.er, 1976) 

MODEL: hL 

SOURCt DF 
2EGRtSSION 4 

ERHUR 2 2 
CORRLCTED T U I  20 
SOURCE .OF 

LPPA ,l 

LPBA 

UEP VARIARL~=LKRHINTR 
. . 

ss MEAN SollARE F RATIO PRO6 > F. 
8 ; ~ 0 ( 1 1 6 1  2 . l? ,e041 6 5 . 0 9 3  0 . 0 0'0 1.. 
0 ,718556  0.032.be2 
9 .222721  0 .55U720 WSOUAWE = O.YZ.?l 

B YAL.UE S T D  D E V I A T I L I ~  T FUR 'Ao:B=o.  
PROB > I T 1  LABEL 

TEST: l tS100& i4UMERATOR: 0 . 0 0 ~ 7 8 ~ 1 7  3F: 3 F VALUE: 0 .2  



  able C-35. Model D ,  Regression for Group. 1 1 1 ,  Base Period 
(Average Day, July - September,. 1976) 

SOU.RCE OF ss MEAN S O I I A R ~  F RATIO PROB. , F 
REGUESS I O ~ '  4 8:759350 2 ,1~9836  74.368 0.0001 
ERROR . . 22 . 0,h478n? 0 . 0 ? 9 ~ 4 6  
COHHECTCD TOT 2 0  9.407157 0 .161814 RSOUARE = 0.9311 
SUUWCL OF R VALUE ST0 o E v I A T I C ~ N  T.FOf i  HO:B='O 

PROB > I T  1 LABEL 

SJURCt DF I3 VALUE ST0 DCVIATION T FOR WO:b=O 
PC(Il8 > I T  I I AijEL 

TEST:TESTOO9 NUMESATOR? 0 . 0 3 0 6 ~ 7 2 1  UF: 3 F VALUE: 1.0 .  
4 0 8  

U E ~ U , . I I  r r u l n ~ :  i ~ . u 2 9 u u 5 7 8  DF: 27 PuuH > F: 0.3 
9 4 1  

. . 



Table C-36. Model X ,  Regression f o r  Group I1 I , ,Peak Per iod , , 

(Average Day, Ju ly  - Skpt'embey, ,, 1976) 

HODEL: P . . D t P  VARIARLE=LK#HPKS 

SOURCE D F  S S  MEAN SQUARE F R A T 1 0  P R O B > F  
REGRESSI'ON 9 '  b 1 7 2 ~ 0 6 0  0 . 7 U 7 1 1 8  3 . 4 9 0  0 . 0 1 2 8  
EReUU 17 J r h 3 9 7 0 h  0 . 2 1 U 1 0 0  
C U R R t C T E D  TOT . ,  2 6  1 0 , 1 6 5 7 h h  0 . 3 9 8 6 6 6  RSOUAHE = 0 . 6 4 8 8  , 

SOURCE D F .  , B VALUE STD D E V I A T I O N  T FOR hO:B=O ' 

PRO0 > I T 1  L A b E L  

Y UMA 



Table C-37. Model X ,  Regression for Group 1 1 1 ,  Intermediate Period 
(Average Day, July - September, 1976) 

SOURCE i) F SS M C A t i  SQIIAHE F RATIO PRO8 > F 
H E G H E S S I O ~  9 6 ; ~ i s u 7 7  0.751275 2.615 0.0420 
ERHCiR 1 7  U,9232!? 0.289601 
CORRECTEO TUI 26 11.7386R9 0.451488 RSGUARE = 0.5806  
SUURC t OF B V A L U E  SIO D E ~ I P T I O N  T FOR HO:B=O 

PROR > I l l  L I b E L  



Table C-38. Model X ,  Regression f o r  Group 111, Base Per iod 
(Average Day, Ju ly  - September, 1976) 

SOUHCC - DF 
H t C U E S S I O h  9 
EKHUR 1 7  
CORRECTkU TUT 2 b  
SUURCE UF 

U t P  V A R I A B L t = L K r t H d S S  
. . . 

ss MEAN'  SOUARE F R A T I O  PRO6 > F 
6 ; 1 8 ~ 4 1 5  0 . 6 A 7 1 b b  U . 1 2 5  0 . 0 0 5 8  
2 , -832153 0 . 1 h b 5 9 7  
9 . 0 1 6 6 6 7  0 . 3 i ~ h 7 9 5  RSOUARE = 0 . 6 8 5 9  

H VALUE sro D E V I A T I O N  T FOR HO:B=O 
PRO0 > I T 1  LABEL 

. . 
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APPENDIX D: ELECTRICITY DEMAND UNDER CONSUMER BUDGETING 
USING THE TRANSLOG MODEL 

This appendix presents an a1 t e r n a t  i v e  response sur face ' es t ima t ion  

approach t h a t  i s  'based on more . assumptions than . tha t  o f ,  chapter 4. .Spe- 

c i f  i c a l  ly, i t  assumes t h a t  consumers a1 1 ocate t h e i r  income i n  two'  stages: 

f i r s t ,  i n t o  broad categor ies such as e l e c t r i c i t y  and o the r  goods and, 

second, i n t o  subcategories w i t h i n  t h e  broad ca tegor ies  such as expendi- 

t u r e s  on peak and base pe r iod  e l e c t r i c i t y .  It a lso  assumes c e r t a i n  mathe- 

ma t i ca l  r e s t r i c t  ions  on t h e  empi r ica l  approximations t o  a " representa t ive"  

i n d i v i d u a l  ' s preference func t ion ,  e.g., homothet ic i ty  which imp1 i e s  t h a t  

expendi ture,  (budget) shares on i ndivi.dua1 commodities do not  change when 

an i n d i v i d u a l  ' s  income changes. 

Sect ion D . l  presents t h e  essence o f  t h e  two-stage budgeting approach 

and i t s  imp l i ca t i ons  f o r  app l ied  demand analysis. Sect ion D.2 presents 

one empi ri c a l  model t h a t  dssull~trs t h i s  two-stage budget i ng approach and 

another t h a t  does not. Both are der ived from transcendental l oga r i t hm ic  

( t rans1 og) approximations o f  t h e  re1 evant preference func t i ons  f o r  t h e  

" representat ive"  i n d i v i d u a l  . F i n a l l y  sec t ion  D.3 presents t h e  empi r ica l  

r e s u l t s  from t h e  es t imat ion  o f  t h e  models o f  sec t i on  D.2. 

The main f i n d i n g  repor ted  i n  t h i s  appendix i s  t h a t  d i f f e rences  among 

households i n  marginal KWH p r i ces  do appear, i n  t h e  most r e s t r i c t i v e  

model, t o  account f o r  a s i g n i ' f i c a n t  amount o f  t h e  v a r i a t i o n  among KWH con- 

sumpt i on among households but t h a t  these app.arent re1 a t i  onshi ps . are prob- 

. a b l y  spurious due t o  t h e  ove r l y  r e s t r i c t i v e  nature o f  t h e  es t imat ion  

model. Furthermore, we conclude t h a t  any e l  a s t i c j  t y  estimates developed 

under the.second stage o f  t h e  two-stage budgeting approach must be aug- 

mented by independent est imates o f  o the r  parameters t o  ob ta in  defens ib le  

e l a s t i c i t y  estimates. 



D. 1 The Two-Stage Budgeting 'Approach 

One approach t o  modeling e l e c t r i c i t y  demand i s  t o  f o l l o w  t h e  branchwise 
.-.I--. 1, : . 

budget ing and u t i  1 i t y  t r e e  concept developed by S t r o t z  (1957) and  orm man 
(1959). Under t h i s  approach t h e  i n d i v i d u a l  consumer i s .  assumed t o  opt imize 

t h e  commodity a l l o c a t i o n  o f  h i s  income (maximize h i s  u t i l i t y )  i n  stages. 

Fo r  example, i n  t h e  s implest  case, t h e  consumer may choose i n  two stages 

t h e  set  o f  n commodities denoted byN: *  N l , . . . , n .  F i r s t ,  t h e  

consumer i s  assumed t o  p a r t i t i o n  t h e  se t  N i n t o  a c lass  o f  mutual ly  exclu- 
+ .  

s i v e  and exhaust ive subsets o r  budget categories, (Nl,. . . ,Ns). Therefore 

N = N1 u ... NS and Ns r\ Nt i s  empty f o r s  + t. 

The consumer then a l l oca tes  h i s  income, y, t o  these commodity groups, there-  

by determining t h e  l e v e l  o f  expenditure, mk, on each o f  t h e  S commodity 

groups. I n  t h e  second stage t h e  group expenditure, mk, 1s a l l oca ted  t o  t h e  

nk commodities i n  t h e  k t h  - commodity 

The f i r s t - s t a g e  group expenditure equations are g iven by 

3 
where k- l . . , ,  .$. Z rnk = y, and Pk = Pk(p(k)l,- .. ,p(k.)" ) .  

k = l  k 

The Pk are  group p r i c e  indexes t h a t  are func t i ons  on ly  o f  t h e  pr ices,  

p ( k ) i ,  o f  t h e  commodities i n  t h e  corresponding subset. 

+The no ta t i on  used here c l o s e l y  fo l l ows  t h a t  used i n  Goldman and Uzawa 
(1964). 

S 
+since t h e  k t h  subset conta ins n commodities n ' =  1 nk. 

I- 

k = l  



The second-stage demand equations are 

F o l l  owing B j e r i  and de Janvry (1972) t h e  complete reduced-form demand 

equations f o r  i n d i ~ i d u a l  commodities, a f t e r  maximizat ion i n  two stages, are 

r e f e r r e d  t o  as t h e  "two-stage" demand equations and are g iven by 

Therefore t h e  complete d i f f e r e n t i a l s  o f  commodity consumption w i t h  respect t o  

p r i c e s  and income are  

. 

  qua ti on. (D-l!) can be used d i r e c t l y  t o  ob ta in  an .expression f o r  t h e  " t o t a l "  

own- and cross-pr ice  e l a s t i c i t i e s  o f  demand f o r  products w i t h i n  t h e  k~ 

group. By f i r s t  m u l t i p l y i n g  (D-1) through by ~ ( k ) j / q ( k ) ~  and then manipul a- 

t i n g  terms i t  i s  e a s i l y  shown t h a t  



where 

E(kI i  = d lnq(k) i /d lnp(k) j  = " t o t a l '  p r i c e  e l a s t i c i t i e s  
o f  demand, 

* .  
: ,  E (k l i j  = a lnq(k) i /a lnp(k) j  I = " p a r t i a l  ' p r i c e  e l a s t i c i -  

.. . dmk=O t i e s  o f  demand, 

d ( k ) l  = alnq(k)i/alnrnk = demand e l a s t i c i t i e s  w i t h  
respect  t o  in t ra -group ex- 
penditures, and 

b(k) i  = d i n ~ n ~ / d l n ~ ( k ) ~  = in t ra -group expenditure 
e l a s t i c i t i e s .  

A1 so equation (D-2) can be mu1 t i p 1  i e d  through by p )  ./q(k)i and man- J 
i p u l a t e d  t o  s t a t e  

f o r  qi E N and q E NL where k f k. k j 

F i n a l l y  equation (0-3)  can be multiplied through by ~ l q ( k ) ~  and men- 

i p u l a t e d  t o  s t a t e  

e(k) ,  = d(kIiCk 

where e(k)i = d l  nq(k)i/dlny = income e l a s t i c i t y  o f  de- 
mand and 

= d l  nmk/dlny ' Ck 
. . 

= income e l a s t i c i t y  o f  group 
expenditure. 

A1 t e r n a t i v e l y  B i e r i  .and de Janvry (1972, p. 26) have shown t h a t  equa- 

t i o n  (D- l )  ' can be r e s t a t e d  as 



* 
E(k)i j  = E(k)i j  + a ( k )  J .h k  e(k)i(h;l- ck)(l-w-'e(k) j c  k  ) (D-5) 

. . '  

: where , a ( k I j  = = in t ra -group . . 'budget shares, 
. . 

k  = ' " k l ~  , - , , , 

= group budget shares, and 

w = " f l e x i b i l i t y  o f  money" o r  t h e  income e l a s t i c i t y  o f  t h e  
. .  . marginal u t i  1  i ty  o f  i ncome. 

D .2 Es t imat ion  Model s  

An a l t e r n a t i v e  t o  t h e  demand models o f  chapter 4 i s  t o  adopt a  p a r t i c u -  

1  a r  func t i ona l  form f o r ,  a  rep resen ta t i ve  . . .  customer,' s  , u t i l  i t y  (preference) 

f u n c t i o n .  and then t o  de r i ve  t h e  appropr ia te  corresponding func t i ona l  forms 
. . 

f o r  t h e  f i r s t - o r d e r  conditions.. Unfor tunate ly  t h i s  approach exacts a  h igh  ' 

cost.  F i r s t ,  o f .  t h e  widely mentioned func t i ona l  forms f o r  u t i l i t y  func- 

t i o n s ,  t he re  are very few t h a t  do not . imply some t ype  o f  separabi 1  i t y  and, 

a t  t h e  same time, y i e l d  e a s i l y  est imable ( i n t r i n s i c a l l y  '1 i near) demand func- 

t i  ons. * Separabi 1.i t y  i s  c l e a r l y  an undes i r a b l  e  r e s t r i c t i o n  when very close.- 

l y  r e l a t e d  goods (such as e l e c t r i c i t y  consumed a t  d i f f e r e n t  t imes o f  day) 

, a re  involved. Secondly, among those u t i l i t y .  f unc t i ons .  t h a t  do not  imply 

s e p a r a b i l i t y  it i s  necessary e i t h e r  t o  impose, a  p y i o r i ,  o ther  r e s t r i c t i o n s  

based on demand theory, e. g., homothet ic i ty ,  t o  achieve i n t r i n s i c  1  i n e a r i t y  

i n  t h e  es t imat ion  model o r  t o  est imate h i g h l y  non l inear  models. Among t h i s  

1  a t t e r  group o f  u t i l  i t y  funct ions,  which inc ludes t h e  i t  and general- 

i zed Leont i e f  u t i  1  i t y  funct ions, .  t h e  transcendental l oga r i t hm ic  ( t rans1 og) 

u t i ' l  i t y  - f u n c t i o n  has achieved p o p u l a r i t y  because. o f  i t s  re1 a t i v e  convenience 

(Christensen, e t  al., 1975). Since one i n t e r p r e t a t i o n  o f  t h i s  model has 

*Separab i l i t y  means t h a t  t h e  r a t i o  o f  a  consumer\s marginal u t i l i t y  
( s a t i s f a c t i o n )  from consuming two goods i s  unaf fec ted by a  change i n  t h e  
consumption o f  a t h i r d  ( B i e r i  and deJanvry, 1972). 



already been app l i ed  by o thers  t o  t h e  Arizona. p r o j e c t  data and s ince it pro- 

v ides  an i n t e r e s t i n g  comparison t o  t h e  models o f  chapter 4, i t i s  chosen here 

as an a l t e r n a t i v e  model. 

Since extensive d e t a i l s  about t h e  t r a n s l o g  model a re  g iven i n  t h e  r e f e r -  

ence c i t e d  above and s ince non l inear  vers.ions o f  t h e  models were not estima- 

t e d  i n  t h i s  study, t h e  ac tua l  i n t r i n s i c a l l y  l i n e a r  es t imat ion  forms o f  t h e  

model a re  d i r e c t l y  s ta ted  here. It i s  c r i t i c a l  t o  note, though, t h a t  these 

and a l l  o ther  i n t r i n s i c a l l y  1  i n e a r  .forms o f  t h e  t r a n s l o g  inodel requlre t h e  

i m p o s i t i o n  o f  both t h e  homothet i c i  t y  and homogeneity r e s t r i c t  ions as' de f ined 

by Christensen, ' e t  a l .  (1975, p. 372). 

Two versions o f  t h e  t r a n s l o g  model a re  hypothesized. The f i r s t ,  r e f e r - '  

r e d  t o  he rea f te r  as t h e  3-good model imposes weak separab i l ' i t y ,  a  l a  Gorman 

(1959) and S t r o t z  (1957), between t h e  consumer's budget f o r  e l e c t r i c i t y  and 

t h a t  f o r  other  goods (as discussed i n  sec t i on  D . l ) .  The second, r e f e r r e d  t o  

as t h e  4-good model, re laxes t h i s  separabi l  i'ty assumption. The purpose o f  

hypothesiz4ng both models i s  t o  i s o l a t e  t h c  e f f e c t  o f  t h e  s e p a r a b i l i t y  as- 

sumpti on from t h e  e f f e c t s  o f  t h e  o ther  assumpti ons (homogeneity and homothe- 

t i c i t y )  on t h e  r e s u l t i n g  e l a s t i c i t y  estimates. 

The qeneral form o f  t h e  t r a n s l o g  model t o  be est imated i s  . 

where 

si = piqi/M and 



3-Good Model : 

= ln(pi/M) f o r  t h e  three-good model ( ~ 3  and Xi . 
i=1,2,3), and 

si = p.q./Y, and 
. 1 1  

$-Good Model : c, 

xi = ln(pi/Y) f o r  t h e  four-good model ( m 4  and 
i = l  ,. . . ,4) where 

q = KWH consumption du r ing  per iod  i f o r  . i=1,2,3 
i and consumption o f  a l l  o the r  goods f o r  i=4, 

pi = marginal p r i c e  per  KWH i n  t h e  peak, interme- 
'd ia te ,  and base r a t i n g  per iods f o r  i=1,2,3, 
respec t i ve l y ,  and a constant ( t he  average : 

p r i c e  o f  a l l  o the r  goods i s  assumed constant 
i n  t h e  small geographic cross-sect ion o f  t h e  
study)  f o r  i=4, 

M = "quasi" e l e c t r i c i t y  expenditures = epiqi, 

Y = f a m i l y  income 

Zk def ined i n  t a b l e  4-1, 

I a.,b ,gik= regression,coefficients, and 
1 i j  

e = e r r o r  term. 

Due t o  t h e  budget r e s t r i c t i o n  on ly . two  o f  t h e  th ree  equations need t o  

be est imated i n  t h e  three-good model and on ly  th ree  o f  t h e  f o u r  i n  t h e  

four-good model. - .Fur ther ,  under homogeneity, t h e  parameters o f  t h e  re-  

maining equation can be computed f rom t h e  r e l a t i o n s h i p s  

a = 1 and 

Zbi = 0 f o r  j=l,. . . ,m (m=3 f o r  t h e  3-good 
model and F 4  f o r  t h e  
4- good model ) . 



The models of (0-6) can a l so  be est imated by imposing and simultane- 

ous l y  t e s t i n g  t h e  major r e s t r i c t i o n .  imp1 i e d  by neoclassical  demand theory, . . 

viz., t h e  symmetry r e s t r i c t i o n  t h a t  

The simultaneous impos i t i on  o f  t h e  homothet ic i ty  and homogeniety re -  

s t r i c t i o n s  can be'shown t o  imply t h a t  t h e  own- and cross-pr ice e l a s t i c i t i e s  

o f  demand are est imated by 

ni i = -1 + bii/si f o r  i=1, ..., m 

n = b . . / s .  f o r  i , j = l ,  ,.., m and i = j .  
i j  !J. I .  

Once again t h e  variances o f  t h e  est imated e l a s t i c i t i e s  are l i n e a r  funct ' ions 

o f  means. It can e a s i l y  be shown t h a t  t h i . s  r e s u l t s  i n  t -va lues f o r  t h e  .own- 

p r i c e  e l a s t i c i t i e s  t h a t  are gene,ral l y  smal ler  than those associated w i t h  

t h e  corresponding own-price c o e f f i c i e n t s ;  but they are t h e  same f o r  t h e  

c ross-pr ice  e l a s t i c i t i e s  as f o r  t h e  c ross-pr ice  c o e f f i c i e n t s .  

Unfor tunate ly ,  .it ,is a1 so t rue,  under .these r e s t r i c t i o n s ,  t h a t  e l  a s t i -  

c i t i e s  o f  e1 ,ec t r i c i t y  demand w i t h  respect t o  e l e c t r i c i t y  expenditures are 

u n i t y  i n  t h e  three-good model, i.e., t h a t  
. .  . 

di = alnqi/alnM = 1 f o r  t h e  three-good model, 

and t h a t  a l l  income e l a s t i c i t i e s  are u n i t y  i n  t h e  four-good model, i.e., 

t h a t  

. ei = alnqi/alnY = 1 f o r  t h e  four-good model. 



ameters. However, m r e s t r i c t i o n s  are  imposed by t h e  homothet ic i ty  and homo- 

genei ty  r e s t r i c t i o n s .  An a d d i t i o n a l  m(m-1)/2. cons t ra in ts  are  imposed by t h e  

symmetry r e s t r i c t i o n s .  Theref ore on ly  m(m-1)/2 o f  t h e  p r i c e  c o e f f i c i e n t s  

are f ree 'parameters when a l l  r e s t r i c t i o n s  are  imposed. For t h e  three-good 

model t h i s  imp l i es  t h a t  o n l y  t h r e e  o f  t h e  n ine  p r i c e  parameters are d i r e c t l y  a 

estimable; and, fo r  t h e  four-good model, t h a t  only s i x  o f  t h e  16 are d i -  

r e c t  l y  est imabl e. 

D.3 Empi r ica l  Resu l ts  

The est imated t r a n s l o g  models o f  equation (D-6) are use fu l  p r i m a r i l y  as 

i 11 u s t r a t i o n s  o f  t h e  potent  e f f e c t s  o f  untested model r e s t r i c t i o n s ,  i. e., o f  

I t h e  assumptions o f  separab i l i t y ,  homogeneity, and homothet ic i ty .  As men- 

I . . t i o n e d  i n  t h e  previous sec t i on  a l l  o f  t h e  i n t r i n s i c a l l y  l i n e a r  versions o f  

t h e  t r a n s l o y  r e q u i r e  t h e  simultaneous impos i t i on  o f  both t h e  homothet ic i ty  

r e s t r i c t i o n s  and t h e  homogeneity. r e s t r i c t i o n  on t h e  under ly ing  u t i  1  i t y  func- 

I t i on .  ' Both types o f  r e s t r i c t i o n s  a re  necessary t o  i nsu re  t h a t  t h e  t r a n s l o g  . . 

I1 approximation t o  t h e  u t i  1  i t y  f u n c t i o n '  i s  i t s e l f  homothetic (Christensen e t  

I1 al., p. 372).* As was a l s o  mentioned, t h e  so-c.alled three-good t r a n s l o g  

I model f u r t h e r  r e s t r i c t s  t h e  data by imposing weak separab i l i t y .  F i n a l l y ,  

t h e  symmetry r e s t r i c t i o n s  impose t h e  main pos tu la tes  o f  demand theory  on t h e  

est imated funct ions.  

A l l  o f  t h e  regressions o f  (D-6) were completed f o r  t h e  aggregate data 

(July-September) and are  repor ted  i n  de ta i  1  i n  t a b l e s  D - 1  through D-8.t 

q h e  simultaneous impos i t i on  o f  both o f  those r e s t r i c t i o n s  i s  r e f e r r e d  
t o  below as " e x p l i c i t  homothet ici ty."  

+since t h i s  ana lys is  was completed a f t e r  those o f  chapter  4 some o f  t h e  
independent var iab les  used i n  t h e  models o f  (3) were e l im ina ted  due t o  t h e i r  
re1 a t  i vely  small cont r i bu t  i ons t o  t h e  expl  anat o ry  power of t h e  model s. 



Tables D-1, D-2, and D-3 r e p o r t  d e t a i l e d  regression r e s u l t s  f o r  t h e  3-good 

model w i t h  on ly  e x p l i c i t  homothet ic i ty  imposed f o r  Groups I, 11, and 111, 

respect  i vely. Tab1 es D-4, D-5, and D-6 . repor t  corresponding r e s u l t s  f o r  t h e  

4-good model.. Table D-7 repor t s  t h e  simultaneously est imated c o e f f i c i e n t s  

o f  t h e  3-good model share eguat ion (5 )  when both e x p l i c i t  homothet ic i ty  and 

symmetry are  imposed; and t a b l e  D-8 repor t s  those same r e s u l t s  f o r  t h e  4- 

good model. 

Generally, t h e  regressions were h igh ly  s i  g n i f i s a n t  and t h e  KZ were h igh  

f o r  t h e  "unres t r ic ted '  3-good models.* The R~ were somewhat lower but  s t i l l  

genera I'ly above .G for. ,the "unaestr i  cted" 4-g00d model s. The est imated 

e l a s t i c i t i e s  f rom t h e  u n r e s t r i c t e d  models are g iven i n  t a b l e  D-9. The re-: 

markable d i f f e rences  i n  apparent s t a t i s t i c a l  significance between t h e  3-good 

and t h e  &good model r e s u l t s  suggest some skept ic ism about . the appropr iate-  

ness o f  t h e  separabi 1 i t y  r e s t r i c t i o n  o f  t h e  3-good model .* This  i s  pa r t i cu -  

l a r l y  so , i n  view o f  t h e  v i r t u a l l y  i d e n t i c a l  pa t te rns  o f  s igns and lack  o f  
.. 

s i g n i f i c a n c e  o f  t h e  aggregate r e s u l t s  i n  t h e  demand models o f  t ab les  4-3 

through 4-5 and those o f  t h e  4-good t r a n s l o g  models.ql By con t ras t  rnany of 

t h e  est imated " p a r t i a l "  e l a s t i c i t i e s  o f  t h e  3-good model a re  h i g h l y  s i g n i f i -  

cant. Thus i t  appears t h a t  - t h e  d i f f e rences  between t h e  t r a n s l o g  r e s u l t s  a 
-- - -  

%hen symmetry i s  imposed, along w i t h  e x p l i c i t  homothet ic i ty ,  t h e  e s t i -  
mated t r a n s l o g  model i s  r e f e r r e d  t o  as " res t r i c ted . "  Otherwise i t  i s  r e f e r -  
r e d  t o  as "un res t r i c ted "  even though e x p l i c i t  homothet ic i ty  i s  s t i l l  main- 
t a i  ned. 

t ~ e c a l l  f rom equat ion (0-4) t h a t  t h e  e l a s t i c i t y  est imates from t h e  
three-good model a re  p a r t i a l ,  i .e., t h e  E* parameters, and would need t o  be 
augmented by - est imates of t h e  a and b parameters t o  be comparable t o  t h e  
est imates f rom t h e  f our-good model s. 

%f t h e  27 p r i c e  e l a s t i c i t i e s  t h a t  are est imated i n  t h e  two types o f  
models, t h e  s igns  are  d i f f e r e n t  f o r  on l y  two (n32 i n  Group I and n33 i n  
Group 111). F o r  both types o f  models - . a l l  p r i c e  c o e f f i c i e n t s  are n o n s i g n i f i -  
cant. 



Table D-1. U n r e s t r i c t e d  t r a n s l o g  model es t imates : l  
3- good model , Group I 

a 

Estimated 
C o e f f i c i e n t  

Peak 
Per iod  

I ntermedi a t e  
Per iod  

Base 
Per iod  

SSE 

SST : 

l ~ h e  t - va lue  associated w i t h  each c o e f f i c i e n t  value i s  repor ted  i n  par- 
entheses. A l l  s i g n i f i c a n c e  t e s t s  are  two- ta i l ed  t e s t s  against  t h e  a l te rna -  
t i v e  t h a t  t h e  t r u e  values o f  t h e  c o e f f i c i e n t s  are zero. A s i n g l e  a s t e r i s k  
(*) denotes s i ,gn i f i cance a t  t h e  10 precent l e v e l  ; double a s t e r i s k s  (**), a t  
t h e  f i v e  percent l e v e l  ; and t r i p l e  as te r i sks  (***), a t  t h e  one percent 
leve l .  SSE i s  t h e  regression e r r o r  sum o f  squares; SST i s  t h e  regression 
t o t a l  sum o f  squares. 



.Table D-2. Unrestricted translog model estirnates:l 
3-good model, Group I I 

Estimated 
Coefficient 

Peak 
Period 

I ntermedi ate Base 
Period Period 

SSE 

SST 

R~ 

l ~ h e  t-value associated with each coefficient value i s  reported in par- 
entheses. A 1  1 significance tests are two-tai led tests against the a1 terna- 
t ive t h a t  the true values of the coefficients are zero. A single asterisk 
(*) denotes significance a t  the 10 precent level ; double asterisks (**), a t  
the f i  ve percent level ; and t r ip le  asterisks' (***), a t  the one percent 
level. SSE i s  the regression error sum of squares;'SST is  the regression 
total sum of squares. 



Table D-3. U n r e s t r i c t e d  t r a n s l o g  model es t imates : l  
3-good model , Group I I I 

Estimated , 

C o e f f i c i e n t  
Peak I ntermedi a t e  Base 

Per iod  P e r i  od ',Peri o'd 

SSE 0.01829 0.006128 0.01749 

SST 0.1647 

R~ -8889 

l ~ h e  t - va lue  associated w i t h  each c o e f f i c i e n t  value i s  repor ted  i n  par- 
entheses. A l l  s i g n i f i c a n c e  t e s t s  are  two- ta i l ed  t e s t s  against  t h e  a l te rna -  
t i v e  t h a t  t h e  t r u e  values o f  t h e  c o e f f i c i e n t s  are  zero. A  s i n g l e  a s t e r i s k  
(*) denotes s i g n i f i c a n c e  a t  t h e  10 precent l e v e l  ; double a s t e r i s k s  (**), a t  

. . t h e  fi ve percent l e v e l  ; . and t r i p l e  a s t e r i s k s  (***) , a t  t h e  one percent 
leve l .  SSE i s  t h e  regression e r r o r  sum o f  squares; SST i s  t h e  regression 
t o t a l  sum o f  squares. 



Table D-4. - U n r e s t r i c t e d  t rans1  og model es t imates : l  
4-good model, Group I 

Estimated 
Coef f  i c i  ent  

Peak I ntermedi a t e  Base 
Per iod  Per iod  Per iod  

SSE 

SST 

l ~ h e  t - va lue  associated w i t h  each c o e f f i c i e n t  value i s  repor ted  i n  par- 
entheses. A l l  s ign i f i cance  t e s t s . a r e  t w o - t a i l e d  t e s t s  against  t h e  a l te rna-  
t i v e  t h a t  t h e  t r u e  values o f  t h e  c o e f f i c i e n t s  a re  zero. A  s i n g l e  as te r i sk  
(*) denotes s i g n i f i c a n c e  a t  t h e  10 precent l eve l ;  double a s t e r i s k s  (**), a t  
t h e  f i v e  percent l e v e l  ; and t r i p l e  as te r i sks  (***), a t  t h e  one percent 
leve l .  SSE i s  t h e  regress ion e r r o r  sum o f  squares; SST i s  t h e  regression 
t o t a l  sum o f  squares. 



~ a b l  e  D-5. U n r e s t r i c t e d  t r a n s l o g  model est imates: l  
4-good model , Group I I 

Estimated 
C o e f f i c i e n t  

Peak 
Per iod  

I ntermedi a t e  . Base 
Per iod  Per iod  

SSE 

SST 0.08843 

R~ .8756 

l ~ h e  t - va lue  associated w i t h  each c o e f f i c i e n t  ,value i s  repor ted  i n  par- 
entheses. A l l  s i g n i f i c a n c e  t e s t s  are  t w o - t a i l e d  t e s t s  against  t h e  a l te rna -  
t i v e  t h a t  t h e  t r u e  values o f  t h e  c o e f f i c i e n t s  are  zero. A  s i n g l e  a s t e r i s k  
(*) denotes s i g n i f i c a n c e  a t  t h e  10 precent l e v e l  ; double a s t e r i s k s  (**), a t  
t h e  f i v e  percent l eve l ;  and t r i p l e  as te r i sks  (***), a t  t h e  one pqrcent 
leve l .  SSE i s  t h e  regression e r r o r  sum o f  squares; SST i s  t h e  regression 
t o t a l  sum o f  squares. 



Tab1 e D-6. ' '  Unyestricted translog model estimates:l 
4-good model, Group I1 I 

Estimated 
Coefficient 

Peak 
Period 

Intermediate 
Period 

Base 
Period 

ai 

bi 1 

bi 2 

bi 3 

bi 4 

gi 1 

gi 2 

gi 3 

gi 4 

gi 5 

SSE 

SST 

I? 

l ~ h e  t-value associated with each coefficient value i s  reported in par- 
entheses. All significance tes t s  are twortailed tes ts  against the alterna- 
t ive  that the true values of the coefficients are zero. A . single asterisk 
(" denotes significance a t  the 10 precent level; double asterisks. (**), a t  
the f ive percent level ; and t r ip le  asterisks (***), at the one percent 
level. SSE i s  the regression error sum of squares; SST i s  the regression 
total sum of squares. 



Table D-7. R e s t r i c t e d  t r a n s l o g  model estimates: l 
3-good model, Groups 1-111 . 

Estimated Group 
Coeff i c i  en t  I 

Group 
I I 

Group 
I11 

SSE 

s$T 

R 2. 

l ~ h e  t - va lue  associated w i t h  each c o e f f i c i e n t  value i s  repor ted  i n  par- 
entheses. A1 1  s i  gni f i cance t e s t s  are  two- ta i  1  ed t e s t s  ayai n s t  t h e  a1 terna-  
t i v e  t h a t  t h e  t r u e  values o f  t h e  c o e f f i c i e n t s  are zero. A  s i n g l e  a s t e r i s k  
(*) denotes s ign i f i cance '  a t  t h e  10 precent l e v e l  ; double a s t e r i s k s  (**), a t  
t h e  f i v e  percent l e v e l  ; and t r i p l e  as te r i sks  (***), a t  t h e  one percent ' 

l eve l .  SSE i s  t h e  regression e r r o r  sum o f  squares; SST i s  the  regression 
t o t a l  sum o f  squares. 



Table D-8.  Restricted translog model estimates: l 
4- good model , Groups I -I I I 

~st imated . 
Coefficient 

Group 
I 

Group 
I I 

Group 
I11 



Tab1 e  D-8 (Cont i nued) 

Estimated 
C o e f f i c i e n t  

Group 
I 

Group 
I I 

Group 
111 

SSE' 0.1442 0.05823 . . 0.02016 

SST 0.1532 0.1245 0.02536 

l ~ h e  t - va lue  associated w i t h  each c o e f f i c i e n t  value i s  repor ted  i n  par-: 
entheses. A l l  s i g n i f i c a n c e  t e s t s  are  two-ta i  l e d  t e s t s  aga ins t  t h e  a l te rna -  
t i v e  t h a t  t h e  t r u e  values o f  t h e  c o e f f i c i e n t s  a r e  zero. A s i n g l e  a s t e r i s k  
(*) denotes s i g n i f i c a n c e  a t  t h e  10 precent l e v e l  ; double a s t e r i s k s  (**), a t '  I i 
t h e  ' f i  ve percent l e v e l  ; and t r i p l e  a s t e r i s k s  (***), a t  t h e  one percent 
l eve l .  SSE i s  t h e  regression e r r o r  sum o f  s,quares; SST i s  t h e  regression 
t o t a l  sum o f  squares. I 

I 

t h e  r e s u l t s  o f  chapter  4  a re  not so much r e f l e c t i o n s  o f  t h e  d i f f e rences  be- - - ----- -- - 
tween t h e  two approaches as they are  r e f l e c t i o n s  o f  t h e  power fu l  e f f e c t s  o f  --- - -- - 

I untested r e s t r i c t i o n s .  

. Th is  conclus ion i s  f u r t h e r  supported when t h e  symmetry r e s t r i c t i o n s  are  

imposed. The s e p a r a b i l i t y  r e s t r i c t i o n  o f  t h e  3-good model i s  already so 

powerful  t h a t  t h e  a d d i t i o n a l  symmetry r e s t r i c t i o n s  i nvol ve 1  i tt 1  e  a d d i t i o n a l  

s a c r i  f i ce o f  expl  anatory p,ower f o r  t h e  3-good model. Consequently , as i nd i  - 
I cated by t h e  Chow t e s t  , reported i n  t a b l e  D-10, t h e  symmetry r e s t r i c t i o n s  

I ; . ,  ' 
cannot be r e j e c t e d  f o r  t h e  %good model. By con t ras t  t h e  symmetry r e s t r i c -  

I 

I . t i o n s  are  un i fo rm ly  r e j e c t e d  f o r  t h e  &good model. The l a t t e r .  correspond t o  

t h e  ' regressions o f  tab1,es D-7 and D-8. Those r e s u l t s  i n d i c a t e  t h a t  t h e  R2 
, . 

values remain q u i t e  h i g h  (above .65) f o r '  t h e  r e s t r i c t e d  3-good model bu t  



Tab1 e D-9. Price and income e las t i c i t i e s :  translog model, expl i ci t 
homothet i c i ty  (aggregate, duly-~e~tember)  l 

Three Good Model : 

Group I (df=45) 

P I B ' 

Group I1 (df=8) 

Four Good Model : 

Group I (df=45) 

P I B 

Group I11 (df=17) Group I11 (df=17) 

P I B . P I 0 

l ~ h e  exact specification of the models are given in equation (0-6). The 
to ta l  number of observations ( n )  fo r  each regression is given in table  2-3. 
The symbols P ,  I ,  B, and Y denote peak, intermediate, and base periods and in- 
come, respect i vely. The parenthesized numbers are t - s t a t  i s t  i cs and (two- 
ta i led)  significance t e s t s  a t  the 10, 5, and 1 percent levels are denoted by *, 
**, and *** symbol s, respect i vely. 



I deteriorate badly for the restricted 4-good inodel as an apparent result of 

' the restrictions. 

I Nonetheless the elast ici ty estimates associated with these two restric- 

ted models are reported in table D-11.  I n  general the e las t ic i t ies  appear ' 

quite high b u t  their  credibility i s  questionable for the reasons mentioned 

above. . 

Overall, the results of both this  appendix and chapter 4 suggest that 

I .  (aside from the' unrestricted 4-good model ) the intrinsical ly 1 i near t ransl og 

I formulations are too' . restr ict i  ve--at least in the context 0.r t t r is  da ta  set. 

Although adequate resources were unavai 1 able to  complete nonlinear estimates 

during this  study, i t  appears that a much fa i re r  application of the translog 

model (and a much fa i re r  t e s t  of the symmetry restrictions) would be t o  re- 
. . 

1 ax the explicit homotheticity restrictions by estimating a ful.ly unrestric- 

ted 4-good model, i.e., the nonlinear version of the translog. Then sym- 

metry could be tested in the  sailre context following the method of Christen- 

sen e t  al. '(1975). However, having said that about the general ~nethodology 

I . ;  
of translog applications, i t  would stil.1 seem very unlikely that these 

Arizona data would, under any circumstances short of severe flogging ( i  .em,  

of the application of severely restr ict ive models), demonstrate significant 

responsi veness t o  the administered variations in marginal TOU prices. This 

statement i s  based on our analysis of the large number of alternative expli- 

I c i t  demand function models reported here and other models not reported here. 

I Yet i t  appears that,  as a group, customers on the TOD rates did shif t  their  

TOD usage as reported' in chapter 3. 

There are several possible explanations for th is  apparently "f 1 at"  re- I .  . .  
I sponse surface, not the least of which i s  the comparatively complex experi- 

mental billing scheme detailed in the f i r s t  footnote of chapter 2. Upon 



Table D-10. Omnibus t e s t s  o f  t h e  symmetry r e s t r i c t i o n s  y i  ven e x p l i c i t  
homothet ic i ty  ( F - s t a t i s t i c s ) l  

Group F - s t a t i s t i c s  
3-good model 4-good model 

Group I 1.708 10.163*** 

Group I1 

Group I 1 1  

l ~ i g n i f i c a n c e  a t  t h e  10, 5, and 1 percent l e v e l s  a re  denoted by t h e  
symbols *, **, and ***, respect ive ly .  

rev iewing both t h a t  note and t h e  customer education l i t e r a t u r e  t h a t  was d i s - .  

tri buted t o  t h e  experiment p a r t i c i p a n t s  (Arizona So la r  Energy Research Com- 

miss ion F i n a l  Report, Apper~dix B, 1977), one i s  tempted t o  conclude t h a t  t h e  

p a r t i c i p a n t s  m i  yht  have been more impressed by t h e  avai 1 ab le  discount and 

i t s  gcncral responsiveness t o  t h e  t ime  p a t t e r n  o f  p r i c e s  than t o  t h e  exacL 

magnitude o f  t h e  marginal rates. I n  any event I t appears t h a t  much b e t t e r  

est imates o f  TOD e l e c t r i c i t y  demand response surfaces w i l l  be achieved us ing 

data f rom several o f  t h e  o ther  DOE E l e c t r i c  U t i  1 i ty  Demonstration p r o j e c t s  

t h a t  i nvol ve both " c l  eaner" i ncent i ve and revenue neut ra l  i z a t  i on schemes 

than d i d  t h e  Arizona pro jec t .  



Table D-11. P r i ce  and income e l a s t i c i t i e s :  t r a n s l o g  model, e x p l i c i t  
homotheti c i  t y  and symmetry (aggregate, July-September)l 

Three Good Model: 

Group I (df=93) 

Four Good Model: 

Group I (df-141) 

P I B 

P -0.546""" -0.412*** -0.042 
(-12.43) (-11.67) (-0.84) 

I -0.376""" -0.453*** -0.171*** 
(-11.67) (-11.56) (-3.37) 

B -0.116 -0.523"""-0.360" 
(-0.84) (-3.37) (-1.73) 

Group I1 (df=19) 

P I B Y 

P -0.112 -0.406 0.231 1.0 
(-0.18) (-1.11) (0.90) 

I -0.392 -0.628 0.222 1.0 
(-1.1) (-1.50) (1.01) 

B 0.656 0.655 -0.500 1 .0  
(0.90) (1.01) (-0.75) 

Group 11 (df=30) , 

-- - 

P I B 

P -0. 572""" -0.295""" -0.133 
(-6.15) (-3.89) (-1.24) 

I -0.492""" -0.521""" 0.013 
(-3.89) (-3,06) (0.06) 

B -0.548 0.312 -0.484 
(-1.24) (0.06) (-0.71) 

Group I11 (df=37) 

lThe e x a c t . s p e c i f i c a t i o n s  o f  t he  models are g iven  i n  equat ion (D-6). The 
t o t a l  number o f  observat ions (n) f o r  each regress ion  i s  g iven  i n  t a b l e  2-3. 
The symbols P, I, B, and Y denote peak, in termediate,  and base per iods  and 
income, respec t i ve ly .  The parenthes ized numbers a re  t - s t a t i s t i c s  and (two- 
t a i l e d )  s i g n i f i c a n c e  t e s t s  a t  t he  10, 5, and 1 percen t  l e v e l s  a re  denoted by 
*, **, and *** symbols, r espec t i ve l y .  
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